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A CONTRIBUTION TO THE EMBRYOLOGY 
OF THE GENUS PORTULACA 

Bt L. B. Kajale, D.So. 

Department of Biology, T. N. J. College, Bhagalpur 
Received for publication on, November 15, 1940 
INTEODTJOTION 

Most embryological iDvesagations or the flowering plants during 
the past have been concerned with the development of the gameto- 
pbytes, particularly the embryo-sac. Ihe study of embryonal 
development has received comparativery little attention. Thus 
although the development of the embryo-sac and pollen is known in 
several genera of the Portulacacese, — Galandrinia, Claytonia, 
Portulaoa, Talimum, Montia and ArMampseros (Schuarf, 1931)—, 
the details of embryo development till recentlv had no' been worked 
out even in one species. Only when the present investigation had 
been nearly completed, there has appeared a paper by Soubges 
(1938) describing the embryo development in Portulaca oleracea. 

During the course of the investigation the writer has studied 
the developmenu of endosperm and embryo in Portulaca grandijlora 
Hook., P. oleracea Linn, and P. quadrifida Linn. In addition to 
this the development of pollen and embryo-sac ir Portulaca quadri- 
Jida, a species which has hitherto received no attention, is also de- 
scribed. 

The material of all the species was collected from plants growing 
in the Botanical Garden of the Benares Hindu University. Portulaca 
is a common garden plant, while P. oleracea and P. quadri- 
fida are common weeds throughout the country. Fixationsr were 
made in the morning between 7 to 10 a.m. during the winte season. 
This time is quite suitable for getting the mitotic divisions in the 
proembryo. Three different fixatives were used, namely, ilawas- 
chin’s fluid, Pormalin-acetic-alcohol and Carnoy^s fluid. The first 
two fixatives proved quite satisfactory. Depending upon the stage 
of development, sections were cut at a thickness ranging from 8 to 14p. 
For the study of embryo development ovules were dissected out of 






tlie gyncecitim and sectioned indiTidually. Delafleld’s Hiematosylin, 
Heidenliain’s Iron-alnm Haimatoxylin, Elirlicli’s Ha^matoxylin 
and a combination of Safranin and Gentian violet were nscd as 
stains. The last combination is more satisfacl ory lha.n others for 
the study of seed-coat development, particularly during the early 
stages, the grains deposited in the layers of the testa looking bright 
violet. As recommended by Cooper (1935), Ehrlich’s Hajmatoxylin 
was used for the study of pollen grains, which are rich in starch 
grains. But it was not found so satisfactory. In ord(?r t o remove 
the starch grains, slides were treated with aqueous soluiion of Taka 
Diastase and then stained. This slightly imjuoved th.e staining. 
The external characters of the pollen grains were studied in Methyl- 
green glycerine-jelly mounts. 

MICR0SP0E0(5ENBSB3 

The development of the anther and poUen in 
has been worked out by Dahlgren (1916), Eocen (1927) and Tjebbes 
(1928). Edcen (1927) has also investigated Portulaca oleracea. He 
found that it does not differ much from Portulaca grandiflora in the 
development of floral structures. The development of the male 
gametophyte in the former species has been further described by 
Cooper (1935). This aspect of the life-history, therefore, has been 
studied by the present author only in Portulaca quadrifida. 

The anther is four-lobed. The primary archesporium in each 
lobe is confined to a single hypodermal row of four to six cells (Pig. 1). 
Each archesporial cell cuts off a parietal cell towards the outside 
and the primary sporogenous cell towards the inside (Pig. 1). The 
primary sporogenous cells directly function as the pollen-mother 
cells, as described by Cooper (1935) in PoHulaca oleracea (Pigs. 2 and 
3). Prom the observations of Eocen (1927) on other genera it 
appears that this feature is characteristic of the Portulacace®. The 
pollen-mother cells even from the beginning are much bigger than 
the surrounding cells (Pig. 1). An unusual feature is the frequent 
occurrence of vacuoles in the protoplasm of the pollen-mother cells 
(Pigs. 2 and 3). The cells of the primary parietal layer divide 
anticlinally and perichnally to form two layers (Pig. 2). One 
adjacent to the spore-mother cells divides once more periclinally 
(Pig. 3). In this way the primary parietal layer forms three layers. 
Out of these three layers, the middle one is crushed early during 
further d.evelopment. The layer in the hypodermal position 
develops into the fibrous endothecium. The innermost parietal 
layer forms the tapetum. During the reduction division of the 
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tapetal and tlie fibrous endothecial cells has been observed as in 
several other Centrospermales (Kajale, 1940 6). 

During the first meiotic division the spindle fibres in the pollen- 
mother cells are surrounded by a dense zone of cytoplasm as reported 
by Cooper (1935) in Portulaca oleraeea (Fig. 4). At the same time 
each pollen-mother cell is surrounded by a distinct sheath of muci- 
lage, which appears between the protoplasm and its original wall 
(Fig. 4). It persists till the pollen-mother cell divides to form the 
tetrad. After the disintegration of this sheath and the original cell 
wall the four pollen grains separate off from one another. A 
large percentage of them are arranged ir a tetrahedral manner, while 
intermixed with the latter a few are seen to form isobilateral tetrads. 

The young pollen grain is rich in protoplasm. Very soon it 
develops the exine and intine, and at the same time it begins to 
increase in size. As a consequence of this enlargement it becomes 
vacuolate (Fig. 5). The nucleus along with some cytoplasm is 
pushed to the periphery. Here it divides mitotically into two 
nuclei, which are separated from each other by a curved wall. Thus 
the generative cell is organised (Fig. 6). It is interesting to note 
that in a few instances small vacuoles were observed in the tube 
nucleus (Fig. 6). The behaviour of the generative cell in Portulaca 
quadrifida is seen to differ from the angiosperms in general. In the 
flowering plants generally this cell is ephemeral, the new wall dis- 
appearing almost as soon as it is formed. It is, therefore, not possible 
for the cell to grow in size or change its shape. In the present 
material, however, the generative cell increases in size along with 
the increase in the dimensions of the pollen grain (compare Figs. 6 to 
8). Its form varies with the plane in which it is cut (Figs. 7 and _8). 
It also stains slightly deeper than the other parts. The generative 
cell, however, does not persist till the shedding time of the pollen 
grain. Before this stage is reached, the cell_wa,ll of the generative 
cell disappears. The nucleus divides. This is followed by the 
division of its cytoplasm and two somewhat elongated male cells 
with a distinct sheath of cytoplasm surrounding the nucleus are 
formed. Male cells have also been reported in Portulaca oleraeea 
by Cooper (1935) and have been seen by the writer in Portulaca 
grandiflora. 

Each pollen grain as usual has intine and exine, the former 
lining the latter all round from inside. The thickness of the intine 
differs in the three species. It is thicker in Portulaca oleraeea than 
in the other two species and is slightly thinner than the exine. 

The exine is perforated generally by 30 furrows so arranged as 
to form twelve exactly similar pentagons (Fig. 9). Fischer (1890) 
has described a similar figure of the pollen grains of Portulaca 
oleraeea and P. gran.difiora. Franz (1908) has also pointed out that 
the dodecahedron is the usual configuration for the microspores m a 
large number of plants of this family. The length of the germinal 
furrows varies in the different species. They are comparatively 
narrower and longer in P. quadrifida than in the other two species. 

la 




iiillili 


Figs. 1-9. 
^inther-lobes 


PortuJaca quadrifida. Figs. 1-3. Trai 
Y^friQ-tis stages of developraent, In Figs 
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In P. grandiflor a they are quite broad and the length is only about 
2-3 times the maximum breadth. They are thus roughly ellipsoidal 
in outline. The germinal furrows do not possess any gemi pore and 
themselves function as the passage for the outgoing pollen tube. 

The structure of the exine is just the same as described by the 
author for members of the Amarantacese (Kajale, 1940 b). As seen in 
section, the exine is found to be composed of alternating light and 
dark staining portions, the latter appearing rod-like (Pigs. 5 to 8). 
During the later development of the pollen grain the exine gets 
thinner than before. The cause of this change is discussed by the 
author elsewhere (Kajale, 1940 h). 

The structure of exine is further interesting in that it bears 
numerous spines on its outside. The spines in different species 
differ in their length. In general they are bigger in P. grandiflor a 
than in the other species. The smallest spines are observed in 
P. quadrifida, while P. oleracea is intermediate between the two 
species so far as this character is concerned. In P. qmdrifida the 
spines are so small that they may be easily overlooked. 

The pollen grains are shed at the three-nucleate stage as in 
the Centrospermales in general. Their diameter is 75 to 80^ in 
Fortulaca grandiflora, 73 to 77 ^ in P. oleraeea and 66 to 70 ju in 
P. qmdriflda, 

STEXJOTTJItE OF THE OVAEY AND OVTJLE 

The ovary is semi-inferior in the genus. It is generally tri- 
locular (Figs. 10 and 12), but sometimes more loculi may be seen. 
It develops from the tip of the floral axis after the other parts have 
been differentiated. Along with the development of the ovary wall 
septa equal to the number of the locuh begin to develop from the 
wall. The ovules develop from the septa as lateral outgrowths 
(Fig. 10). The septa meet in the centre of the gynoecium resulting 
in the axile placentation (Fig. 10). The fusion of the septa takes 
place throughout the length of the gynoecium, unlike in Sesmmm 
Portulacastrum (Kajale, 1940 a), where the septa do not meet in the 
upper part. The entire central axis, however, does not bear ovules. 
The latter are confined mostly to lower half of the placentas, while 
the upper half is barren (Fig. 11). Further the upper part does not 
persist during the development of the fruit (Figs. 11 and 13). Con- 
sequently the axile placentation becomes almost free central during 
the later stages (Fig. 11). 

The development of the ovule has been studied in Fortulaca 
quadrifida. The first indication of. the ovule is seen in the form of 

are seen in the cytoplasm of the pollen-mother cells. Fig. 4. A pollen- 
mother cell in the metaphase of the I meiotic division ; a perinuclear zone 
is seen round the spindle. Fig. 5. 1 -nucleate pollen grain. Figs. 6-8. 

2-nuclcate pollen grains. Generative cell increases in size and presents 
diflerent shape when cut in different planes. Fig, 9. A pollen grain in 
surface view showing the ai'rangement of the furrows. (Figs. 1”3 and 
X 450; Fig. 4 X 800; Fig. 9 X 250.) 
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Wen 


Mgs. 10-26. Porfuilaca quadriftda- Kg. 10. Transverse spr+ifm rvf 
developing ovnles and” their arr^ni^ent. K° n 
Longitudinal section of the ovary with ovules at the mature embryo-sac 
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a small protuberance on tbe margins of tbe ingrowing septa 
(Pig. 10). It soon becomes bent in the upper part due to pronounced 
unilateral growth. The archesporium appears about this stage and 
the two parts, namely, the comparatively narrow funicle and the 
ovule proper become distinct. The funicle in the mature ovule is 
fairly long and erect (Pig. 15). Bach ovule possesses two integu- 
ments which appear as annular outgrowths from the base of the 
nucellus. The differentiation of the integuments in the ovule is 
almost synchronous with the development of the archesporium 
(Pig. 16). By the time the megaspore-mother cell is well di:fferen- 
tiated the ovule has developed to a sufficient extent to assume 
nearly an anatropous form (Pig. 14). The integuments by this time 
have covered almost the entire nucellus. In between them at the 
chalazal end a prominent air-space is observed (Fig. 14), a feature 
which appears to be characteristic of the 'whole order Centrosper- 
males. Both the integuments do not take part in the formation of 
th6 micropyle. As in the Oentrospermales in general, the inner 
integument grows ahead of the outer and alone forms the micropyle 
(Fig. 15), The integuments are mostly two cells thick, except at the 
micropylar extremity, where they are thicker. 

The nucellus about the megaspore-mother cell stage is two 
layers thick at the apex, three to five layers thick at the sides, and 
nine to ten layers thick below the megaspore-mother cell. Along 
with the development of the female gametophyte, the nucellus also 
develops further, particularly in the chalazal region. The epidermal 
cap over the nucellus is formed in a characteristic manner. Those 
cells situated just below the micropjde merely stretch out radially, 
while the surrounding cells divide by periclinal walls (Pigs. 18 to 20). 
This corresponds to what has been observed in several genera of the 
Picoidaceae, namely, Ilesembrianthe^num {Schmid, 1925), TrianiJiema 
(Bhargava, 1935) and Sesuvium (Kajale, 1940 <x). 

Mbgaspohogenesis 

Simultaneously' with the development of the integumental 
initials one cell of the nucellus just below the epidermis begins to 
take a deeper stain than the rest, increases in size and diherentiates 

stage. Dotted part represents the part of the central axis that disappears 
during further development. Figs. 12-13. Transverse sections of the 
ovary at the apex and base respectively about the time of fertilisation. 
Figs. 14~15. Ovules at 1 -nucleate and mature embryo -sac stages. Fig. 16. 
A young nucelkis shovi’ing a single archesporial cell. Fig. 17. Another 
nucellus showing a megaspore-mother cell. Fig. IS. A megaspore-mother 
cell during the prophase of the I meiotic division. Fig. 19. A megaspore- 
mother cell in the I metaphase. Excluding the central cMls other cells of 
the nucel jar epidermis have divided peri clinally to form an epidermal cap. 
This is also shown in next figure. Fig. 20. Dyad dividing. Figs^ 21-23. 
Various stages in the development of the embryo-sac. Fig. 21. T-iSriicleate 
embryo-sac showing two synergids, secondary nucleus and three anti- 
podals. Fig. 25. Micropylar part of a mature embryo-sac showing one 
of the synergids. Fig. 26. The same showing the egg and one polar 
nucleus. (Fig. 10 x 100; Pigs. 11-13 X 25; Fig. 14 X 100; Fig. 15 X 75; 
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as the primary archesporial cell (Pig. 16). It cuts off a parietal cell 
(Pig. 17). The resulting mcgaspore-m other cell increases in Tolume 
until it has reached the specific maximum size (Pig. 18). Kow its 
nucleus prepares for the meiotic divisions. These are quite normal. 
After the first division a cell wall is formed and Iavo dyad cells are 
organized (Pigs. 19 to 20). The first meiotic spindle is present in the 
upper part of the megaspore-mother cell (Pig. 19). Hence the 
mieropylar dyad cell is generally smaller than th('. chalazal o);e. 
Both of them undergo the II meiotic division almost simultaneously 
and a linear row of four megaspores is formed. At times th(> spindle 
in the mieropylar dyad is arranged at right angle-s to that of the 
lower dyad (Pig. 20). Such an arrangement of Ihe spindles leads 
to the formation of a T-shaped tetrad. Of the four megaspores only 
the chalazal one develops into the embryo-sac. The other three 
towards the micropyle degenerate very rapidly. 

The uni-nucleate embryo-sac may be very much vacuolate 
(Pig. 21), or may possess a few vacuoles on either side of the nucleus. 
Its nucleus divides mitotieally into two. The daughter nuclei 
travel towards the two poles of the embryo-sac and on reaching there 
divide once again to form a four-nucleate embryo-sac (Pigs. 22 and 
23). These four nuclei divide once again mitotieally and a typical 
eight-nucleate embryo-sac is formed. 

The egg-apparatus is organized in the normal manner. The 
egg is a broad flask-shaped structure. Its mieropylar end is vacuo- 
late. The nucleus -with cytoplasm is present in the basal region 
(Pig. 26). Some difference in the size of the egg in different plants 
has been frequently observed (Pigs. 26 and 28). The synergids are 
two in number. The nucleus is present in the upper part from 
the very beginning (Pig. 24). They have prominent hooks and the 
nucleus may be situated near the hooks or slightly above them 
(Pigs. 25 and 27). The young synergids are prominently vacuolate, 
the vacuoles being present all over the synergids (Pig. 24). It 
appears that as the synergids become mature these vacuoles fuse to 
form a large basal vacuole (Pig. 25). As in the case of eggs a diff- 
erence in the size of the synergids in different plants is also observed 
(compare Pigs. 25 and 27). The antipodals are tliree small cells 
occupying the chalazal end of the embryo-sac (Pig. 24). Sooner 
or later they degenerate and no trace of them is seen during the 
embryo development. Out of the two polar nuclei the lower one 
moves towards the mieropylar end of the embryo-sac, so that both the 
polar nuclei come to lie closely pressed against each other some- 
where in the vicinity of the egg (Pigs. 26 and 27). During this time 
they also show an increase in size and are bigger than any other 
nuclei in the embryo-sac. Their further fate is described below. 

pEETILISATION 

The details of fertihsation have been studied in PoriwZaca 
quadrifida only. The pollen grains reach the stigma in the three- 
nucleate condition. There they begin to germinate rather quickly. 
The ends of pollen tubes can be clearly seen inside the embryo-sac 
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of flowers fixed witliin an. lioiir or two from tlie time of their opening. 
Artificial cnltnre of the pollen grains also shows the same behaviour. 
It has been found that the pollen grains can germinate very easily 
even in tap water. When they are placed in a drop of water, they 
burst almost immediately and the pollen tubes come out in no time. 

A large number of pollen grains germinate on the stigma and 
hence many pollen tubes can be observed on their way to the ovules 
inside the style. Further down they mate their way through 
one of the placentas until they reach an ovule. Kow they pass 
through the micropyle into the nucellus and penetrating it they 
break through the apex of the embryo-sac. 

The end of the pollen tube on entering the embryo-sac swells 
up enormously, so much so that it fills the greater part of the micro- 



Figs. 27-29. Portulaca quadrifida, 27. Hicropylar part of an 

embryo-sac showing one synergid, remains of the pollen tube and two 
polar nuclei. Fig. 28. The same showing the fusion of the male gametes 
with the egg nucleus and the polar nuclei. Fig. 29. The^same showing 
the remains of the pollen tube, egg and triple fusion ( X 450). 
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pylar end of tlie embryo-sac (Figs. 27 and 29). On its -vvay through 
the embryo-sac the pollen tube passes along one of the synergids 
■which as a result is destroyed completely, while the other svnergid’ 
as in SflZiiB (Chamberlain, 1897), Silphiim (Merrel, 1900), is 
left intact (Fig. 27). Some times, however, both the synergids were 
seen to be destroyed by the entrance of the pollen tube. The 
estreme tip of the pollen tube extends beyond the lower end of the 
^jtid there its contents are discharged (Figs. 27 and 29). 

Out of the two gametes brought by the pollen tube one fuses 
with the egg. It rounds up and passing inside the egg unite.s with 
its nucleus. Just before the fusion is complete a round deeiilv 
staming body is seen inside the nucleus of the egg (Fig. 28). T'lti- 
mately it fuses with the nucleolus of the egg. Thilikc in tlie lar^e 
majority of angiosperms, the polar nuclei do not fuse to fornma 
secondary nucleus before fusing with the male gamete. They remain 
separate till the male gamete reaches them (Fig. 28). The trinle 
fusion then takes place almost simultaneously between the two 
polar nuclei and the second male gamete (Fig's. 28 and 29). The 
individual boundaries of the three nuclei disappear and three 
e^iclosed within a common nuclear membrane 
(hig. 29). They later fuse to form a big triploid nucleus. The 
fusf^'s^h^ undergoes change in shape like the one 


The Bmbeyo 


This phase of life-history has been studied in all the three 
species, but Boriulaea quadnfida has been studied more critically. 

iiiidergoes a transverse division (Figs. SO* 
^ formed as a result of this division behave 

differently dnring further development. The micropvlar cell 
generally ^vides before the other (Figs. 32 and 62). It may di^t 
once or twice to form up to three cells before any transverse division 
takes place in the apical cell (Figs. 32, 63 and 6i). At times it may 
not dmde also (Fig. 38). This cell, therefore, varies a good S 
in its behaviour. The transverse divisions in the apical ^11 follow 
sequence. First it divides transversely (Figs. 33 
and 64). The resulting apical cell does not divide any moil in a 

imu penultimatfeeTdividee 

transversely to form two cells as shown in Fig. 34 The one 

adjacent to the apical cell does not divide again transversely whfle 
the other;divides into two cells (Figs. 36, 39 and 65). NeSteans- 
verse dmsion takes place in the fourth cell from the apex (Fi" 541 
By now four cells result from the apical cell of the twelled’ nro' 

pylS^c;il a'^proe Jb^o^Tfi^^ behaviour of the mi?ro- 

pyiar ceu a proemoiyo of five to six or sometimes seven oeUq iq 

orgamzed in P. qu<0nfidct (Figs. 35 and 36). A similar wgauiSti on 

Some stages were observed in P. olemcea also 

and they leave no doubt that the proembryo in that speS alsn is 
or|am.d ou the same lines. Tbl l,ngtb^«t tL jroSyo to “bl 
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latter two species is also five, to six cells as in P. qmdrifida (Figs. 52 
and 66). 

Out of five to seven cells of tlie proembryo tlie embryo proper 
develops from the three apical cells of the former. These three cells 
and one or two more cells adjacent to them come entirely from the 
apical cell of the two-celled proembryo. The further differentiation 
of these three cells into different parts of the mature embryo may be 
stated as follows. The apical cell forms the stem tip and the two 
cotyledons. The penultimate cell forms the liypocotyl and the 
greater part of the radicle. The third cell from the apex completes 
the apex of the radicle and, therefore, is the hypophysis. 

This naturally takes us to the details about the further develop- 
ment of these different cells. The apical cell is the first to divide 
in a longitudinal manner (Figs. 38, 52, 53 and 66). Another longi- 
tudinal wall at right angles to the first appears in the same cell and 
four cells are formed (Figs. 42 and 55). All of them divide now 
transversely to form an octant (Figs. 43, 44, 57 and 58). In the mean- 
while, the penultimate cell also divides longitudinally (Figs. 39 to 
43 ; 54 to 58 and 67). The plane of this division generally is at 
right angles to that of the first longitudinal division in the apical 
cell. Along with the octant formation in the apical cell the penulti- 
mate cell also divides once more and four cells are formed. The 
sequence about the appearance of longitudinal divisions is, therefore, 
from the apical towards the micropylar cells. One important fact 
emerges out of this. Within the Centrospermales a group of families 
can be set apart, where the first longitudinal division appears in the 
apical cell and then it progresses towards the micropylar end. Illus- 
trations of this type are found in the Nyctaginacece (Kajale, 1938), 
and the Phytolacace^ (Kajale, unpublished). Some indications of 
the occurrence of similar sequence of longitudinal divisions in the 
Molluginaceae are seen in the figures of Bhargava (1934, text-figures 
5 and 6). In another group of families longitudinal division in the 
proembryo starts either in the second, third, fourth or even fifth 
cell from the apex and then it gradually extends towards the apical 
cell of the proembryo. This sequence is just the reverse of what is 
found in the first group of families, audits examples are found in the 
Ohenopodiaceae (Soufeges, 1920), Garyophyllacese (Soueges, 1924) 
and Amarantace^ (Joshi and Kajale, 1937). 

After the longitudinal walls have been completed in the apical 
and penultimate cells, periclinal divisions begin to appear (Figs. 44 
and 68). This is the beginning of the dermatogen differentiation. 
It begins in the tier formed by the penultimate cell and is later com- 
pleted in the apical tiers (Figs. 44, 46, 68 to 71). It should be noted 
here, that the basipetal differentiation of the dermatogen appears 
distinctly characteristic of the Centrospermales and no deviation 
from this rule has yet been observed in any member of this order. 

After the completion of the dermatogen, the divisions in the tiers 
formed by the apical and penultimate cells are not equal. The tier 
resulting from the latter cell divides more actively than the other 
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both by transverse and longitudinal walls, and forms the bypo- 
cotyl and the greater part of the radicle. As seen in the longitudinal 
section at about the stage when the cotyledons appear (Fig. 73) 
one or two peripheral layers below the dcrmatogen function as the 
periblem, while the central core enclosed by the latter forms the 
pleronie. 



Figs. 52-00. PorUdaca oleracea. Figs. 52-59. Various stages in the 
deveiopment of the embryo. In Fig. 59 suspensor is not shown. Fig. 00. 
Micropylar part of the embryo-sac showing three embryos developing side 
by side ( X 450). 

The cells of the two tiers resulting from the apical cell divide 
chiefly by longitudinal walls (Figs. 72 and 73). After the embryo has 
reached the size shown by Fig. 73 the central part develops into the 

perisperm and a layer of endosperm. Figs. 49-51. Various stages in the 
development of testa. (Figs. 30-47 x 450; Fig. 48 X 50; Fig. 49 
X 450; Figs. 50-51 X 250.) 
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stem tip, while the tAvo cotyledons are formed from the peripheral 
region. Once the cotyledonary initials are formed their growth is 
very active and trvo large cotyledons are formed (Pigs. 48 and 74). 

The third cell from the apex deserves consideration now This 
cell functions directly as the hypophysis. It first divide.^ i>v two 
longitudinal walls forming four cells simultaneously with the dii'- 
mrentiation of dermategenin the apical tiers (Pigs. 45, 4C, 58 and 68). 
These cells do not divide further till rather a late stage of embrvo 
devetopnaent. Ultimately they complete the apical part of the 
radicle including the root cap. ^ ^ 

Excluding the three apical cells of the proembryo the remaining 
cells develop into the suspensor. It should be noted that the suspem 
sor does not exclusively develop from the micropylar cell of the two- 
celled proembryo, but is also formed by a few cells deriA'cd from the 
apical cell. The structure of the suspensor differs in the three species 
of Portulaca. In P. quadnfida it consists of three to five cells onlv 
It does not become massive in any part and generally remains uni- 
senate tin It degenerates (Pigs. 41 and 43). In the other trvo 

P'^^ti^^^larly at the micropylar end 
(Pi^s. 53, 68 70 and i3). Towards the embryo it is mostly uni- 
senate. This will be clear from Pigs. 53 and 68-73. In P. oleracea 
it IS observed that the cells of the suspensor sometimes divide by 
longitudinal Avails quite at an early stage (Pig. 53). In all the thren 
species no trace of the suspensor is seen in the mature embryo. 

Matuee Embkyo 

embryo is annular as in the Centrospermales in 
general (Pigs. 48 and 74). It encloses within itself a large part of 
the nucellus that persists in the mature seed as perispeim. .Abun- 
dant starch grains are deposited in the embryo. Eoughly sneakir^ 
these are uniformly distributed in the different parts of the embrvo® 
except in the apical part of the radicle, Avhere comparatively less 
starch is deposited. The size of the starch grains is also smaller in 
this part. In the region of plerome again the starch grains are 
smaher in size than in the other histogenic layers. 

POLYEMBETOKY 

A case of polyembryony has been observed in Portulaca oleracea 
It IS sketched in Pig. 60. There are three embryos developing side 
by side in the same embryo-sac. All these emLyos are not®dev- 
e oped to the same extent. One of them is much bigger ttian the 
other tAvo. In the bigger embryo the dermatogen formation has 
been completed and the presence of suspensor, which is massive in 
the micropylar part, is also clearly seen. The ether two embrvos 
have not developed so much. Each one of them consists of two cells 

Ip+Jt-'+u eitlier developed mSh 

later than the bigger embryo, or their development has been slow. 

The bigger embryo appears to have developed in the usual 
manner from a normal fertilised egg. The origirof the otL, 
embryos is not very clear. Perhfps a^^Sfir^veloS 
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endosperm nuclei. At a stage represented by tbe bigger embryo 
in other embryo- sacs tbe structures other than the egg and endo- 
sperm nuclei, i.e., the synergids and the antipodals, all disappear. 
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Figs. 61-75 7ffnd7l;Spei^-rnofS 

the development of the embryo. 'T' VFf * 74. Longitudinal 

Dotted pirt in Fig. TwfnfemteX a layer of 

Fif 76 ^'® A Srt of the^ testa as seen in longitn^nal section. 

(Kgs 6^72 X 450;' Figs. 73 and 74 X 400; Fig. 7o X 250.) 
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It is, tlierefore, unlikely in tke present instance that these enibryog 
could have developed either from the synergids or the antipodals* 
Likewise they could not have developed from the micellns cells since 
they are situated well within the embryo- sac; They are not 
connected with the cells of the nucellus. Their origin appears to be 
from two endosperm nuclei. Authentic cases of the development 
of embryos from endosperm cells are very rare. As a matter of fact 
previously no example is known where an embryo has actually been 
seen developing from endosperm that had been produced as a result 
of triple fusion, Jeffrey and Haertl (1939) found in Tnlliurn that 
embryos are derived from the endosperm nucleus, but in this case 
neither the egg nor the endosperm nucleus is fertilised. Two geneti- 
cists, Yamamoto (1936) and Kostoff (1939), however, have suggested 
that triploids in wheat and rye respectively develop from the endo- 
sperm, since in polyembryonous seeds they occur more frequently 
than haploids in conjunction with diploids. 

Peuisperm and Endosperm 

The central part of the nucellus persists in the mature seed as 
perisperm. This is enclosed by the embryo. It is a pear-shaped 
body with cells full of starch grains. 

The endosperm formation begins at first in a free nuclear 
fashion. Later the endosperm becomes cellular. The wall forma- 
tion starts at the micropylar end of the embryo -sac as observed by 
JosM 2bn.dK£b]Ble {1937) in Alternanili era sessilis and Digera arvensis. 
It then extends towards the chalazal extremity and the endosperm 
completely becomes cellular. In this respect my observations differ 
from those of Eocen (1927). He says that in Portulaca oleracea 
the endosperm becomes cellular only in the micropylar part of the 
embryo-sac. In the slides I have examined the endosperm in all 
the three species of Portulaca becomes completely cellular during the 
development of the embryo. The greater part of it is absorbed by 
the growing embryo and in the mature seed it is represented by a 
layer or two surrounding the radicle in a cap-like fashion. In these 
persisting cells a large number of starch grains are deposited 
(Eigs. 48 and 74). 

Testa 

The early stages in the development of the testa have been 
studied only in Portulaca guadrijida, while the later stages have been 
studied in all the three species described in the paper. It has been 
shown previously that the integuments consist mostly of two layers 
of cells throughout their length (Eig. 49). Out of these four layers 
only three layers persist in the mature seed to form the testa. Two 
outer layers belong to the outer integument, while the third layer 
belongs to inner integument and is the inner layer. The outer layer 
of the inner integument is destroyed during the course of develop- 
ment (Eigs. 50 and 75). 

In the three layers that persist in the seed, some small grains 
first begin to be deposited in the outermost layer (Eig. 49). The 
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deposition of these grains begins some time before fertilisation. 
Similar grains are also deposited in the innermost layer (Fig, 50)'. 
The grains deposited in this layer are small in the beginning. The 
deposition starts generally from the micropylar end and extends 
towards the chalazal region. As more grains accnmnlate they fuse 
to form bigger ones and nltimately the cells are completely filled 
with them in the mature testa. But before this happens a marked 
change takes place in the cells of the outermost layer. The shape of 
these cells in the beginning is shown in Fig. 49 and they are some- 
what cubical. Their nucleus does not occupy any fixed position. 
During the development of the seed, as the grains accumulate, the 
outer walls of the cells begin to bulge out. The nucleus now shifts 
into these convex outgrowths and the protoplasm also for some time 
is present mostly towards this side of the cells (Fig, 50). Mean- 
while the deposition of the grains continues and the cells become 
entirely filled with these grains. The outer convex wall of the cells 
becomes greatly thickened. When the cells become completely 
filled up with these grains, the latter fuse to form a homogeneous 
mass in the mature testa (Figs. 51 and 75). The presence of similar 
structure in the outer layer of the testa was observed in Fortulaca 
granM flora also (Fig. 75) and the cells during their development 
undergo a similar series of changes. In PorMaca oleracea the cells 
of the outermost layer do not show any such difierence between the 
peripheral and the remaining part of the cells, but are completely 
filled with the homogeneous mass of grains. The middle layer of the 
testa consists of parenchymatous cells in which no deposition of 
grains takes place even in the mature seed (Fig. 75). 

SlTMMAUY 

The development of the anther, ovule, male and female gameto- 
phytes and fertilisation in Portulaca quadrifida 2 biii the development 
of embryo, endosperm and seed in P. quadriflda, P. oleracea and 
F, grandiflorahaBheen studied. 

The archesporium in an anther-lobe consists of a single row of 
cells. The primary sporogenous cells directly function as pollen- 
mother cells. The tapetal cells are of parietal origin and become 
bi-nucleate. The inner wall of the tapetal and endothecfal cells 
undergoes granular cutinization. The pollen grains are spherical 
and possess thirty furrows arranged in a pentagonal fashion. The 
male gametes are definite cells. Starch is present abundantly in the 
pollen grains. They are shed at the three-nucleate stage. 

The ovules are ana-campylotropous. An air-space between 
the two integuments is seen in the early stages near the chalaza. 
The epidermal cells of the nucellus just below the micropyle simply 
stretch out radially, while the surrounding cells undergo periclinal 
divisions. The primary archesporium consists of a single hypo- 
dermal cell. A parietal cell is cut off. The megaspore-mother cell 
forms a linear or sometimes a T-shaped tetrad. A normal 8-nucleate 
embryo* sac develops from the chalazal megaspore. The synergids 







The testa of the mature seed consists of three layers of cells. 
In the outer and inner layers some kind of grains fill the cells com- 
pletely. In the middle layer no such grains are deposited. In 
P. guadrifida and P. grandiflora the cells of the outermost layer of 
the testa prominently bulge out, and due to this the testa becomes 
■warty. 


I welcome this opporturdty to acknowledge my erateful thanks 
to Dr. A. 0. Joshi for his guidance and helpful criticism. 
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are hooked. The antipodals are three small cells. The polar 
nuclei do not fuse before fei-tilisation, but lie closely prosscel against 
each other jusc below the egg. During fertilisation the Iwo polar 
nuclei fuse simultaneously with a male gamete. The other male 
gamete fuses with the egg. The pollen tube swells on entering the 
embryo-sac and generally destroys one synergid during fertilisation. 

The first di-yision of the egg is by a transyerse wall. The micro- 
pylar cell divides transversely to form up to three cells. After the 
first transverse division of the apical cell the resulting mieropylar 
cell divides again transversely and its daughter celf towards the 
micropyle may behave again in the same manner. Thus a pro- 
embryo of five to seven cells is organized. Three apical cells form 
the embryo proper. The rest form the suspensor. The most 
apical cell forms the stem tip and two cotyledons. The penulti- 
mate cell forms the hypocotyl and the radicle. The third celi com- 
pletes the root tip and root cap. The mature embryo is annular 
Numerous starch grains are deposited in different parts of the 
embryo. The suspensor is unisoriate in P. guadrifida. In other 
two species it is multiseriate at the mieropylar end. 


The nuclear endosperm gradually becomes cellular throughout 
the embryo sac. In the mature seed it is represented by a layer 
or two surrounding the hypocotyl and the radicle. The central 
part of the nucellus persists in the mature seed as perisperm and 
contains abundant starch. 
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Averrhoa Bilimbi, L,) 
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(Communicated by C. V. Krishna Iyengar) 

Received for publication on April 21, 1941 

Of the seven genera of Oxalidaceae, Occalis and Biophytum are the 
only two studied by previous workers. Occalis engaged their atten- 
tion earlier and serveral species of that genus have since been investi- 
gated. Jonsson (1880) reported a normal type of megaspore dev- 
elopment in Occalis Aeetosella. In the same plant, Samuelsson (1913) 
observed a free nuclear endosperm. Schiirhoff (1924) dealing with 
several species of Oxalis, confirms Samuelsson’s observation regard- 
ing the endosperm formation in Oxalis Aeetosella. No haustorial 
structures are associated with the endosperm, but he finds in 
that member, a suspensor haustorium, with enlarged and deeply 
staining nuclei. He mentions that the haustorial activity is brief 
and that the haustorium can be recognized only with difficulty 
during later stages. Accounts vary regarding the suspensor 
haustorium in the other species of Oxalis. While Billings (1901) 
reports the absence of a suspensor haustorium in Oxedis valdi- 
viensis, Hammond (1908) notices in Oxalis cornieulata that the inte- 
gument is pierced by a haustorium of suspensorial origin. Com- 
paring the suspensor haustoria in 0. Aeetosella and in 0. strictaj 
Schiirhoff mentions that the haustorium of the latter is smaller in 
size and has Sb briefer activity than in the former. 

In his account of microsporogenesis in several species of Oxalis, 
Schiirhofi (1924) reports the absence of a tapetal periplasmodium 
and the presence of three-nucleate pollen grains at the time of shedd- 
ing. The haploid number of chromosomes in Oxalis fioribunda is 
given as 7. In his study of Gruinales, Mauritzon (1934) included 
twn species oi Biophytum. Noll (1935) restricts himself to the 
development of the embryo in Biophytum dendroides, DO. It is 
seen however, that in most of the accounts mentioned above, 
greater attention has been paid towards embryogeny than to the 
development of the embryo-sac, Mauritzon reports a normal type 
of embryo-sac in B. sensitivum. But my observations indicate 
that the development of the embryo-sac in this plant is of the Allium- 
type. 

Matbeial and Methods 

The material of Biophytum sensitimm w’as collected from the 
Ayurvedic Gardens, Mysore. Piow^ers and fruits of Averrhoa 
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Caramiola and A. Bilimbi, in various stages of development were 
collected from the gardens at Krishnarajasagara. Bonin’s Pluid 
and Acetic Alcohol with 30 % of glacial Acetic acid were used as 
fixatives and gave fair results. More satisfactory results were 
obtained by fixation in ITawaschin’s fluid. In the case of Averrhoa 
it was found necessary to fix the ovules separately as the wall of the 
berry is very fleshy. Sections varied in thickness from 8 to 16 
microns and were stained in Heidenhain’s Iron-alum Hsematoxylin. 


Microsporogenesis 


bte lower dyad cell enlarging ( 

anehter cells ot the upper dyad cell (X 480). - „ 

mbryo-sac, nucellus shows signs of disintegration ( X 480). Fig. 7. Pour- 
ucleate emhryo-sac, nucellus completely disappeared ( X 3d 5). hip a. 
Qight-niicleate embryo-sac (X 262-5). Fig. 9. Micr^ylar portion of the 
mbryo-sac showing fertilisation. ( X 730). ]^g. 19. ^rst division of the 
irimary endosperm nucleus ( X 262 -5). Figs. 11 12» J)eyelopment 
endosperm ( X 160). Figs. 13-14. Stages in development of em 
Figs. 13 and 14, X 730). 

2a 


The sporogenous cells divide to form tbe microspore mother 
cells which round off from their neighbours and undergo the usual 
prophasic stages preceding meiosis. The pairing of chromosonaos is 
very clearly seen in the pachytene stage (Fig. 38) and the pairs of 
chromosomes could be easily counted at diahinesis (Fig. 39). In 
Biophytum the distinctness of the chromosomes was retained even 
during the interphase (Fig. 41). 


In the young anther a row* of hj^odermal cells, easily distin- 
guished by their deeper stain and prominent nuclei, is differentiated 
as the primary archesporium (Fig, 35). In all the three plants the 
primary archesporial layer divides periclinally to cut off a primary 
wall layer on the outside. This divides further to form three to 
four w*all layers between the epidermis and the sporogenous tissue. 
The outermost of these wall layers, the endothecium, enlarges 
and its cells soon develop the characteristic fibrous thickenings 
(Figs. 36-37). The innermost layer which is in contact with the 
sporogenous cells forms the tapetum. The tapetal cells are much 
enlarged and stain very deeply on account of their rich contents. 
Their nuclei also enlarge and divide so that during the later 
stages each tapetal cell has 2 to 4 nuclei. The tapetum seems to he 
most active at the time of division of the microspore mother cells 
and disintegrates soon after. A tapetal periplasmodium w'as not 
noticed in any instance. By the enlargement of the endothecium 
and tapetum the middle layers are crushed at an early stage. 


Chromosome counts were made at diakinesis and from polar 
view of the metaphase plates during the first and second divisions. 
In B, sensitivuM the haploid number of chromosomes is ten. In 
Averrhoa Bilimbi it is eleven and in Averrhoa Garambola it is twelve. 
In all the three plants the pollen grains are hi-nuclcate (Figs. 42-46) 
at the time of shedding. In Biophytum^ the pollen grain is elongated 
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while in the other tw'o plants it is spherical and all the three are of 
the tricolpate type (Wodehonse, 1935). 

Ovule 

In Biopliytum sensitivum as Well as in the two species of Averrhoa 
the nncellns arises as an outgrowth on the axile placental ridge and 
by the multiplication of the cells at its base, is scon borne at the tip 
of a long stalk — the funiculus. While the nucellus in Biophytum 
is reduced and presents a conical appearance, in Averrhoa it is more 
massive. 

The inner integument appears first as a ring of cells at the base 
of the nucellus and soon envelops it, leaving a micropyle at the top. 
The outer integument develops slightly later but very soon out- 
groW'S the inner. In the case of Biophytum the tip of the outer 
integument is prolonged as a curved and tubular structure whose 
significance in the dehiscence of the fruit and the dispersal of the 
seed is as in Omlis, The inner integument in all the three plants has 
three layers of cells the innermost of w'hich develops into a deeply 
staining, epithelial layer surrounding the endosperm. The two 
outer layers are very much compressed by the increase in thickness 
of the outer integument and only their remains can be seen in a 
mature seed (Fig. 17b). 

In Biophytum the outer integument presents some interesting 
features as noticed by Mauritzon. Of the three layers of cells com- 
prising it, the middle one enlarges very much and as some of its cells 
enlarge more than the others, the layer appears w'avy in section 
(Fig. 17a) and the cells have their outer tangential w'alls thickened. 
In the outer layer also the outer tangential wall is very much thick- 
ened. The inner layer of the outer interment does not undergo 
any conspicuous change and is seen against the compressed and 
degenerating cells of the outer layer of the inner integument 
(Fig* 17b). • 

Megaspoeogekesis 

In all the three plants, the primary archesporium is represented 
by a single hypodermal cell which enlarges and is conspicuous on 
account of its rich contents. A multiple archesporium has not been 
met with, in any of the plants (Figs. 1, 18 and 27). 

In the two species of Averrhoa the primary archesporial cell 
cuts off a primary parietal cell which divides periclinally or slightly 
obliquely, to give rise to two parietal cells. They degenerate during 
later stages but their remnants can be made out above the embryo- 
sac even in the four-nucleate condition (Figs. 20 and 29). The 

enlarged ■( X 365). Averrhoa Bilimhi. Fig. 18 . Megaspore mother cell 
with two parietal cells above (x 320). Fig. 19. Linear tetr^ 
showing degeneration of the upper three megaspores (X 480). Fig. 20. 
Four-nucleate embryo-sac ( X 480). Fig. 21. Eight-nucle^e embryo- 
sac ( x 52S). Fig. 22. Mature embryo-sac (X 480). Fig. 23. Embryo- 
sac at the time of fertilisation (X 525). Figs* 24— 26. Stages in develop- 
ment of embryo (Figs. 25 and 26 X 730). 
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megaspore mother cell in AverrJioa Carambola and also AverrJio^ 
BiUmoi, develops further and undergoes two divisions to give rise to 
^ KM niegaspores* Of these, the upper three degenerate 

wmle the chalazal functions to give rise to the embryo-sac (Pigs. 19 
and 28). 

_ In Biophytum sensitivum the condition is different. Here the 
primary archesporial cell functions directly as the megaspore mother 
cell without cutting off any parietal tissue. The nuclear changes 
preceding the first division of the cell, are meiotio and the number 
of chiomosome pairs at the diakinesis stage is ten, thus con- 
firm^ng the count obtained in microsporogencsis. By the division 
of the megaspore mother cell two cells are formed one placed above 
the other (Pigs. 1-3). The upper of these two dyads is often seen 
to be slightly smaller than the lower and undergoes a longitudinal 
division so that at this stage (Pig. 4) there are two small cells side 
ny side above the distinctly larger lower dyad cell. The former 
soon degenerate and the latter undergoes further development 
to give rise to the embryo-sac so that the development conforms to 
the AlUum-tYpe. As the division in the upper dyad cell is vertical 
resulting in three cells arranged in the form of a T, the difficulty of 
of three cells as mentioned by Maheshwari 
( 937) does not arise in the present case. In Biophytum degenera- 
tion sets in in the tw'o cells formed by the division of the upper dyad 
but It IS said to start earlier, i.e., even before the completion of the 
division— in Lyeopsis by Svensson (1925). Cases have also been 
reported as in Bctlla (Hoare, 1934), where the lower dyad disinte- 
grates while the upper develops into the embryo -sac. 

hucellar epidermis shows signs of very early degeneration 
mBwphytum, whereas in Averrloa, the nucellus persists for a con- 
siderable time and can be clearly seen above the developing embryo- 
if, of ^ species ot Averrhoa, two cells of the nucellar epider- 
mis situated below the micropyle are seen to be more prominently 
developed than the rest and their nuclei are also larger (Pigs. 23 and 

At the base of the enlarging embryo-sac, a few cells show 
degneration due probably to the activity of the embryo-sac (Pig. 7). 

Embeyo-sao 

The mature embryo-sac is eight-nucleate in all the three plants. 
The two synergids are pearshaped and vacuolate at their enlarged 
posterior end. The two polar nuclei lie in the vicinity of the egg 
and fuse only at the time of fertilisation. The three amipodals am 
small and degenerate very soon after fertilisation. In Biophytum 
they are situated in a small pit at the base of the embryo-sac (Pig. 8). 

PJEETraSATION 

or .1 fertilisation has been observed in Biophytum sensitivum 

At the time of fusion of the male nucleus 
with the egg, the nucleus of the latter is seen to be in the resting 
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stage (Pig. 9). During its entry into tlie sac the pollen tube des- 
troys one of the synergids and the other degenerates soon 

after'wards. 

Endosperm 

The Endosperm in all the three plants develops by free-nuclear 
division. The primary endosperm nucleus migrates to the central 
part of the embryo-sac where the first division occurs. In the four- 
nucleate stage of the endosperm, one of the endosperm nuclei is near 
the egg, one is situated at the chalazal end and the other two are 
lateral in position. By the continued divisions of these nuclei, the 
peripheral layer of cytoplasm of the embryo-sac becomes studded by 
a number of nuclei (Figs. 10-12). Wall formation begins only 
after the number of nuclei in the endosperm has exceeded thirty- 
two and proceeds from the periphery towards the centre of the 
embryo-sac. In Biophytum the periphery of the endosperm is 
wavy in outline due to unequal enlargement of the cells of the outer 
integument, as previously mentioned. 

Embryo 

In Biophytum, as well as in the two species of Averrhoa, the 
fertilised egg rests for a considerable period before undergoing a 
division. The first division is transverse in all the three plants. 
By the divisions of the primary suspensor cell thus separated, a 
suspensor is formed with its basal cell considerably larger 
than the other cells. Since its contents do not take up 
a deep stain, and the cells of the surrounding region do 
not appear to be affected by it in any vray, a haustorial 
activity cannot be ascribed to it. In the species of Averrhoa the 

basal cell is even less conspicuous than in 


The further development of the embryo follows different lines 
in the two genera. In Biophytum the division in the embryonal 
cell is vertical. This is followed by the usual quadrant and octant 
stages and the further development is as described by Mauritzon 
in this plant. The embryogeny of B. dendroides, DO. has been 
studied in very great detail by Noll, and it is seen that the develop- 
ment of embryo in the two species is similar, and resembles the 
developmeht of the embryo in UTticu pilulifc^u (Soubges, 1921) 
(Figs. 13-15). 

In the twD species of Averrhoa, the first division in the primary 
embryonal cell is followed by an oblique wall (Fig. 25). The next 
division is also oblique and meets the previous wall at an angle 
(¥m 32) Farther development takes place by divisi >ns followed 
W transverse as well as oblique and intersecting walls. The three 
primordial layers are soon established. The development of the 
embryo in Averrhoa is thus seen to follow the Oeum^ype reported 
by Soueges (Figs. 24-26 and 31-34), 
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wif-h 7“-4^w;^oa Caramhola, 

vntli two parietal cells ( X 365). Fi^. 

nucleate embrvo-sac rv ^nQ^c^ m: 


Fig. 27. Megaspore mother cel^ 
. Linear tetrad, note the enlarge' 
‘°|Uus ( X 1095). Fig. 29. Two 
30. Eight-nucleate embrvo-sa. 
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Discussion 

A revie-vv* of available literature on the Oxalidacese, reveals 
that more attention has bitherto been bestovtd on tbe study of 
embryo geny than on tbe development of tbe gametopbytes. A 
suspensor baiistorium varying in size and activity bas been reported 
by several aiitbors in Oxalis, Tbe development of tbe embryo-sac 
bas been reported to follo'w' normal lines. 

In 1934 Mauritzon included two species of Biophytum in bis 
embryological studies on Gruinales. bToll (1935) confined bimself 
to a detailed study of tbe embryogeny in B, dendroides and does 
not mention anytbing about the development of tbe embryo-sac. 

Mauritzon reports a normal type of embryo-sac in Biophytum 
sensitivum. This conclusion is based according to bis own statement 
on tbe study of a poorly fixed preparation. Only a single figure 
of tbe embryo -sac has been drawn sbo-wing an egg, a synergid and 
tbe secondary nucleus. In tbe present investigation tbe series of 
stages obtained in the development of tbe embryo-sac show that tbe 
development is not normal as bitherto reported but of the Allium- 
type. No mention is made by Mauritzon of tbe presence of parietal 
cells in Biophytum, Tbe same author reports parietal cells in 
Erythroxylum while they are absent in Eadiola. 

Among tbe dicotyledonous families allied to Oxalidaciae an 
Allium-type of embryo-sac is reported in Xanthoxylum alatum and 
X. Bungei of Eutacese by Mauritzon (1935). In Malpigbiacese, 
Stenar (1937) noted an Allium-type of embryo -sac in Galphimia 
gracilis and Subba Eao (1939) in Malpighia glauca. In Impaiiens 
S%dtani Ottley (1918) reported an Allium4ype but Sebiirbofi (1924) 
believes it to be of the Normal-type. It must however be mentioned 
that the Allium-type of embryo-sac does not offer any clue regarding 
tbe inter-relationships of the families or even the genera, as it has 
been reported in several families (Mabesbw'ari, 1937) only a few' of 
which are closely related. In the Oxalidacese itself only Biophytum 
sensitivum shows an embryo-sac of the AUnm-type, the others being 
normal. 

Tbe development of tbe embryo is found to be different in the 
two genera. In Biophytum tbe embryogeny is of the Urtiea pilulifera- 

^Mauritzon and Noll), while in Averrhoa sp. it is similar 
to Geum (Soiihges, 1921). 


( X 730). Figs. 31-34. Stages in development of embryo ( X 730). 
Biophytum sensitivum. Figs. 35-37. Stages in development of the anther 
and the tapetum ( X 525). Fig. 38. Pachytene in the microspore 
mother cell ( x 1460). Pig. 39. Diakinesis (early) (X 1460). Pig. 40, 
Polar view of the metaphase plates at the second division ( X 2920). 
Fig. 41. Interphase ( x 1460). Fig. 42. Pollen grain in long, section 
( X 730). Fig. 43. Pollen grain in tr. section { X 1460). Averrhoa 
BilimU, Fig. 44. Diakinesis in the microspore mother cell ( X 1460). 
Fio-. 45. Polar view of the metaphase plate during first division ( X 1460). 
Fig. 46. Pollen grain in tr. section ( x 1460). Averrhoa Caraynbola. 
Fig. 47. Pachytene in the pollen mother cell ( X 1460). Fig, 48. Dia- 
kinesis ( x 1460). Fig. 49. Pollen grain ( X 730). 
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Summary 

Microsporogenesis proceeds normally in all the three plants. 
The tapetal cells become two- or four-nucleate. The haploid num- 
bers of chromosomes in Biophytum sensitivum, Averrhoa Bilimbi and 
AverrJioa Garambola, are ten, eleven and twelve respectively. The 
pollen grains in all the three plants are tricolpate and contain two 
nuclei. 

A single hypodermal cell represents the primary archesporium 
in all the three plants. 

In Averrhoa Garambola and Averrhoa Bilimbi, two parietal 
cells are formed. The megaspore mother cell gives rise to a linear 
tetrad of megaspores, the lowest of which develops into the embryo- 
sac. 

In Biophytum the archesporial cell directly functions as the 
megaspore mother cell. The upper dyad cell undergoes a longi- 
tudinal division but the daughter cells soon disintegrate. The lower 
dyad cell develops into the embryo-sac which is thus of the Allium- 
type. 

The mature embryo-sac is eight-nucleate in all the three plants. 
The synergids are pyriform. The polar nuclei fuse at the time of 
fertilisation. The antipodals are small and degenerate soon after 
fertilisation. 

■The endosperm is free-nuclear in all the members. 

The development of the embryo in Biophytum is of Urtica 
pilulifera-type, while in the two species of Averrhoa, it resembles 
that of Geum (Soubges, 1921). 

The author hereby records his indebtedness to Dr. M. A. 
Sampathkumaran, m.a., Ph.u., s.m. (Chicago) and Mr. C. V. Krishna 
Iyengar, M.sc., under whose ^idance the investigation was carried 
out, and to Dr. P. Maheshwari, D.sc., f.n.i., of the Dacca University, 
for literature and kind criticism. 

LITERATURE CITED 

Billings, E. H. (1901) . . “ Beitrage zur Kenntnis der Sataenejjiwick- 

lung," EZom, 88, 253-318. 

Hammond, H. S. (1908) . . “ The embryology of Oxalis eornieulata,” 

Ohio Nat., 8. 

Hoare, G. (1934) .. Gametogenesis and fertilisation in Scilla 

nonscripta,” Cellule, 4i2, 269—92. 

Jonsson, B. (1880) .. “ Om embryosackens utveokling hos angio- 

spermena,” jbtmds. Univ. ArssTcr., 16. 

Maheshwari, P. (1937) . . “ A critical review of the types of embryo - 

sacs in angiosperms,” New Phyt., 36, 
359-417. 

Mauritzon, J. (1934) . , “ Zur Embryologie einiger Gruinales,” 

Sve'nslt.Bot.TidsTcr.,2i,9A-192, 


STUDIES IN OXALIDAGEM 


31 


Noll, W. (1935) 
Ottley (1918) 


Samuelsson (1913) 


Schiirliofe, P- N. (1924) 
Stenar, H. (1937) 

Subba Bao, A. M. (1939) 


Svensson, H. G . (1925) 


Soilages, B. (1921) 


“ Embryonal Entwicklung von Biophytum 
dendroidea, DO.”, Planta, 24, 609-48, 

A contribution to the life history of 
Impatiens Sultani” Bot. Gaz.^ 66. 

“ Studien iiber die Entwicklungsgeschichte 
der Bliiten einiger Bicornes typen,” 
Svensk. Bot. Tidskr,, 7. 

“ Die Zytologie Der Bliitenpflanzen,” Stutt- 
gart, 581-82. 

“ Embryosackentwicklung einiger Malpighi- 
aceen,” Bot. Notiser, 110-18. 

“ The ovule and embryo-sac development 
of some Malpighiacese,” Curr, Sci,, 8, 
79-81. 

“ Zur embryologie der Hydrophyllaceen, 
Borraginaceen und Heliotropiaceen,” 
Disa, Uppsala. 

“ Developpement de I’embryon chez I’ Urtica 
pilulifera,” Bull. Soc. Bot. France, 68, 
172-88, 280-94. 


m 


Wodehouse, B. P. (1936) . . “ Pollen grains ”, McGraw-Hill Book Oo. 


A" ’ 





TEBLBPSOBAGEM OF BENGAL 


33 


IMPORTANCE OF ANATOMICAL 
CHARACTERS OF THE SPOROPHORES IN 
THE TAXONOMY-STUDY OF 
THELEPHORACE^ OF BENGAL 

By Sachinbbanath Banekjee 
From the Department of Botany, Calcutta University 

Received for publication on April 25, 1941 

The delimitation of species in fungi till recently was based on 
external characters alone often leading to a large increase in their 
number particularly in families whose members are susceptible to 
variation in response to a changing environment. Attempts have, 
therefore, been made to utilise our increased knowledge of micro- 
scopical characters of fructifications for this purpose. The present 
tendency is, however, to use both the macroscopical and micro- 
scopical characters for defining species. The writer considers this 
to be a very sound procedure and hopes that its adoption will lead 
to a more rational and natural classification of the higher fungi. 

Much stress has been laid on microscopical characters by recent 
workers, such as Burt® in his monograph on the TJieUpJioraeem^ 
Kauffman^ in the Agaricacece, Patouillard^^ and Bourdot and 
Galzin^ in the Eymenomycetes in general. Donk® revised the Whole 
group of homo- and heterohasidiomycetes of Holland mainly on the 
basis of detailed anatomical studies. Pilat' in Europe and Bcsc^»® 
in Bengal are at present engaged in making extensive studies of the 
anatomical characters of Polyporacece. Overholts^^ in his ^ Research 
methods in the taxanomy of Hymenomycetes’ has shown how the 
microscopical structures are essential in the determination of a 
species of higher fungi. Mounce^^ has shown the importance of 
microscopic characters of the sporophores in culture as an aid in 
identifying some wood-destroying fungi. Corner®.'^ has made 
a detailed study of the hyphal systems composing the fruit-bodies 
of a few polypores and he hopes that a detailed study of the hyphal 
characters of the different species will give us the exact clue for 
natural grouping of higher fungi. 

In the present paper the writer has put forv^ard a detailed 
comparative account of the anatomical characters of the sporo- 
phores of Bengal species of Thelephoracese most of which have 
already been described by the w‘riter.^ Por convenience, a com- 
parative statement of the microscopical characters is given below. 
They have been described under the following heads : — 

(1) Hyphal systems composing the fruit-bodies, and (2) 
conspicuous anatomical characters such as,— basidia, spores, 
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cystidia, set®, gleocystidia, paraphyses, hyplial pegs and conducting 
cells (lactiferous cells). 

The ihethods follOT’ed in studying these auatoniicar characters 
ha-^e already been discussed hy the -writer in a pre-vious paper.i 

1. Hyphal Systems - 

So far as the Bengal species are concerned three different sys- 
tems of hyphae, viz., skeletal., generative and binding, haye been found 
involved in the construction of the fruit-bodies of the Thelephora- 
ce». The writer has followed Corner'' in using the terms dimitic, 
i.e., composed of two systems of hyphse, tnmific, has but three 
systems and monomitie with only one systeni of hyph®. 

Of the eighteen Bengal species of Stereum, the trimitie construc- 
tion has been found in 8. nitidulum, 8. vibrans, 8. endocrocinum, 
8. hirsutum, 8. petalodes, 8. pereome, 8. elegans, and fuscum, and 
it seems: to be characteristic of the coriaceous species. The dimitic 
species are 8. seytale, 8. umbrinum, 8. fasciatum, 8. crenatum, 8. 
papyrinum, 8. alternum, 8. 8chomburg'kii, 8. annosum&ni S. glabre- 
scens. Of the five species of SymenoeJicete three are dimitic {H. 
nigricans, M. aspera and H. tenuissima) and the other two are of 
trimitie {H. rubiginosa, B. cacao) construction. 

In the present paper, only the different systems of hyphse that 
are involved in the construction, of the fruit-bodies of the Thele- 
phoraceae, have been recorded, but as to their development and inter- 
relationships the writer hopes to give a complete account later on. 
In characterising the different systems of hyphm, the following 
characters have been taken into consideration: — Colour, width, 
wall-thickness, septation, branching, contents, clamp- and H-con- 
•nections, and their Disposition in the fruit-body. 

2. CoNSPicruotTS Anatomical Chabactbrs 

Bastdte.— Basidia are the most important hymenial organs and 
they are packed close side by side to form the hymenium. They 
arise either from the prostrate hyphm of the compact subiculum, e.g., 
in the genus Corticium or from the erect hyphse which before giving 
rise to the basidia form a sub-hymenial layer. Their shape varies 
between the tw'o extreme types: the long basidium, narrowiy elavate 
[e.g., m B. cacao, Fig. 2) and short, broad and obovate basidium 
[e.g., in B. nigricans, Big. 1), each terminated by 2-4 spores 
on the sterigmata. Their dimensions, although varying within 
extensive limits, have been noted. Since the time of Fries (1874) 
the nature and the structure of the basidia and spores have been 
studied in .great detail by numerous w'orkers who have propounded 
from time to time several new schemes of classification and re- 
arrangement of species. Of recent years much stress has been laid 
on this character by Patouillard,^® Eea^* and Eogers.^® 

Spores. — Spores have always been found to be fairly constant 
for each species, in all the species so far studied, especially in colour, 
surface-marking) etc., and they serve as a valuable specific character. 
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Their shape varies within restricted limits ; they are elliptical with 
an apicnlus at the hilum and a little depressed at the anterior side 
{e.g., in S. fasciatum, Fig. 5 and 8. Mrsutum) or oval (e.g., in 
8. percome, Fig. 3), they become shorter and suh-glohose {e.g., 
in 8. scytale, Fig. 4), sometimes becoming round {e.g., in E. 
aspera, Fig. 6). Gntullets are sometimes present in certain 
species {e.g., 8. pereome. Fig. 3). Their dimensions vary 

within wide limits, for instance, the-y are very large in the genus 
Aleurodisous, but very small, about 1 to 2 /n in Asterostromella 
rhodospora. 

Gystidia. — Oystidia on the whole are important specific charac- 
ters, but sometimes they have been considered to be of generic 
import. The resupinate genera Peniophora and Corticium are 
separated from each other by the presence of these organs in the 
former and absence in the latter and thus their systematic value 
has been correspondingly increased. From the studies of the Bengal 
species of Thelephoracece made up to now it has been observed that 
they occur fairly commonly in the genus 8tereum. They are in the 
main hymsnial organs {e.g., in 8. percome, Fig. 7) but not in- 
frequently they originate from the sub-hymenium {e.g., in 8. 
umbrinum. Fig. 8 and 8. SchomburgMi). They project mostly 
to the level of the basidia {e.g., in 8. umbrinum) and occasionally 
they are embedded in the sub-hymenial region {e.g., in 8. papyrinum. 
Fig. 9). When extending beyond the basidial level they project 
upto 31 fx {e.g., in 8. papyrinum). Their shape is very variable 
being mostly conical {e.g., in 8. papyrinum and y3. percome), some- 
times becoming elongated, cylindrical, etc. Often they are heavily 
incrusted, partly {e.g., in 8. percome) or wholly {e.g., 8. papyrinum), 
the incrusting material being calcium oxalate in the main. ' They 
are colourless organs mostly but in the case of 8. umbrinum they are 
brown in colour and according to Overholts this colour resides in 
the wall and not in the contents. In some species they arc compara- 
tively rare {e.g., in 8. vibrans) while in others they are very numerous 
{e.g., vn 8. papyrinum). 

Setae.— ‘Si&tae have been considered both as generic and specific 
characters of Thelephoracem since the time of L4veil]4 and their 
importance is very great from systematic standpoint. L6veill6 
was the first who isolated the genus Hymenochmte from the genus 
8tereum on the presence of these organs AVhich darken on the appli- 
cation of KOH solution. 

Burt has laid much stress on the relative level at which setm 
originate. Sometimes they originate from the base of the basidial 
layer (e.ff., in H. aspera. Fig. 11), v'hile in others they ori^nate 
from every part right through the underlying tissues {e.g., in E. 
rubiginosa. Fig. 10). Their extent of projection is restricted 
to or sometimes beyond the basidial level {e.g., in all the five species, 
EymenocJicete). The projecting part beyond the basidial layer varies 
from 9-18 a {e.g., in E. cacao, Pig. 14) to 38-60/i {e.g., in E. 
tenuissima. Fig. 12). Imbedded setse are quite common in 
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E. rubiginosa. Their comparative ahnndance has been considered 
to be of diagnostic value. Thus they may be few, frequent (e.g., in 
H. tenmssima) or abundant (e.g., in E. rubiginosa). Their size and 
form are quite variable. They are small about 18-31 x 11 • 5-6- 5 p. 
(e.g., in H. cacao) and attaining a dimension of 40-75 X 8-10 /a in 
E. tenuissima. They are generally broadly conical with a sharp 
point as in E. rubiginosa may often become cylindric with the apex 
narrowed to a point as in E. nigricans, Fig. 13). The tip 
character may be straight and sharp-pointed as in E. aspera, some- 
times curved as in H. nigricans. They are always brown in colour. 

Gleooystidia. — Gleocystidia sometimes form important specific 
characters by means of which many species of Thelephoracese can 
be conveniently separated. They are so rare in the genus Stereum 
that their presence in abundance forming a distinct compact layer 
in S. fuscum (Fig. 15) at once distinguishes it from other 
species. They are barely visible in S. elegans while in 8. nitidulum 
(Fig. 16) they are quite common. These organs are alw'ays 
elongated and very frequently they are curved or flexuous in outline. 
They are hymenial organs (as in Gortidum) but more frequently 
they originate from the sub-hymenium as in 8. fuscum. They are 
inflated below and are gradually narrow'ed tow'ards the tip which 
never project beyond the basidial level. 

Paraphyses. — These hymenial organs are often considered to 
be of great taxonomic value. These are generally unbranched but 
may often branch assuming peculiar form. The so-called ‘ Dendro- 
physes ’ as in Asterostromella rJiodospora (Fig, 18) are narrow 
cylindrical hymenial organs which become much branched in a 
dichotomous manner. Sometimes they become narrow and 
cylindric and are thickly set with very short lateral branches all 
over, thus resembling a bottle-brush (e.g., in 8. scytale. Fig. 19 
and 8. alternum). Hence they are termed as ‘ bottle-hiush para- 
physes’. They may often branch at their tips (e.g., in Aleurodiscus 
sp.) and are then known as the “antler type”. They may also 
become flexuous as in 8. papyrinum. 

Hypbal pegs.— So far as the Bengal species are concerned these 
organs have only been met with in the case of 8. percome 
(Fig. 20) in which they occur not uncommonly, yet never described 
by workers and seem to be of some taxonomic value. These organs 
are cylindrical in form, consisting of a cluster of closely agglutinate d 
hyph® which project beyond the level of the basidia. Burt records 
these organs in several Theleploracece but more commonly in the 
Polyporacece. 

5. Mjnbrinuiw showing cystidia. Fig. 9. Cystidia of -S. p<stp!,T{w»n. Fig. 10. 
Vertical section of the fruit body of of H. rubiginosa showing setae arising 
at different levels in the sub-hymenium. Fig. 11. Vertical section of the 
fruit-body of H. aspera showing sete. F g. 12. Hymenial layer of H. ten- 
uissima showing straight, sharp pointed and conical setse. Fig. 13. 
Hymenial layer of H. nigricans showing setse with curved apices. 
Fig. 14. Vertical section of the fruit-body of H. cacao showing imbedded 
set®. 
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Lactiferous cells or Conducting cells . — So far as the Bengal species 
of Thelephoracece are concerned these organs have only been met 
with in the case of 8. Mrsutum (Fig. 21) where they occur as 
narrow elongated bodies curving upwards into the basidial layer. 
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which in one case has been separated into sections due to its being 
lehvdrited m glycerine. P.gs. 16-17. Different types of gleocystidia m 
an^T^teZadirespectiv^^^ Pig. ‘ Dendrophyses 
A. rhodosvora. Fig. 19. ‘ Bottle-brush ’^paraphyses of S- scj/tole. Fig. 
Hvohal peg of S. percome. Pig. 21. Vertical section through the frmt 
bc^ of ^.%ir8tum showing conducting cells with the broken up contents. 
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STUDIES IN THE PHYSIOLOGY OF RICE 

il. Photoperiodic response in one variety of winter paddy* 
(A Preliminary Report) 

By S. M. Sircae, M.Sc., Ph.D. (Loisd.)? D.I.O. 

Department of Botany, Calcutta University 
Received for publication on May 12, 1941 
Introduction 

Garner and Allard’s (1920) investigations on the effect of the rela- 
tive length of day and night on flowering, known as photoperiodism, 
have attracted the attention of nnnierons investigators. During the 
last two decades numerous investigations have been done in the 
West to find out the most favourable daylength for the flowering 
(photoperiod) of different plants and to elucidate the physiological 
processes involved in the photoperiodic response. In accordance 
with their photoperiods, plants requiring light for less than 12 hours 
a day have been classified as shortday plants and as longday plants 
where the required light is more than 12 hours per day. In the 
absence of a suitable photoperiod plants are found to continue vege- 
tative growth and flowering is retarded or in some cases inhibited 
altogether. 

The discovery of photoperiodism has proved to be of great help 
in determining the time for sowing of seeds of various crop plants in 
agricultural practice in the West. Its utility lies in inducing late 
varieties to flower early by either prolonging or shortening the day- 
length artificially as the plant is a long- or shortday one. Various 
AVorkers in America, Europe and Russia have collected data for 
artificial control of flowering by this method. Its practical applica- 
tion in agriculture is limited as the artificial increase or decrease in 
day length is not possible for plants growing in the open field. One 
important fact that has emerged from this, however, is that for 
blooming a large number of plants have to pass through a stage of 
definite light period which is not connected with photosynthesis. 
As the prevalence of a definite light period depends on seasonal 
change of the year, the flowering of a plant is fixed according to the 
available day length. 

Since this is not connected with photosynthesis, the problem 
presents itself whether the light stage (photostage) for the diflerentia- 
tion of floral parts could be supplied to the plant at an earlier stage 


♦ Paper read at a meeting of the Botanical Society of Bengal. 
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of its vegetative growth. This consideration has opened up new 
possibilities of accelerating plant developnaent. The technique of 
accelerating plant development, as originally suggested by Lysenko 
for temperate cereals, is based on low temperature treatment of the 
seed before sowing and unless the plant passes this stage (thermo- 
stage) flowering is not possible. According to Lysenko low' tempera- 
ture during germination becomes the initiating factor in flower pro- 
duction. Eecent investigations have shown that flowering is not 
always dependent on the action of low temperature. Purvis and 
Gregory (1937) have shown that flowering could be accelerated in 
winter rye w'ithout low temperature germination, but by a prelimi- 
nary treatment of short days. They are of opinion that “ If verna- 
lization is defined as a treatment in early stages of growth w'hich 
shortens the vegetative phase, one may speak legitimately of verna- 
lization by shortdays as well as by low temperature.” In recent 
years light vernalization has been practised in the West where low' 
temperature treatment is without any efi’ect. Cailahian, Vasiliev 
and others have explored the possibilities of vernalization by light 
in U.S.S.E. ® 

A brief review of vernalization by light as well as by low tempera- 
ture has been recently published by this author (Sircar, 1939) wherein 
Sol been made for applying the technique to rice in 

Bengal. The sowing of winter paddy in Bengal is timely fixed as 
ttey flower only during a particular season of the year. Experi- 
Hedayetullah (1939) at the Government Eice 
Eesearch Ration at Chmsui’ah, have shown that flowering of Pice 
fixed in the third week of October (about 

^^ 1 .^ October) irrespective of different dates of planting 
throughout the year. Seedlings which were transplanted in the 

ifi^evpr? excepting October and November, eared 

in every case in late October. Prom this it appears that the nre- 
yailing day len^h at the time of the year (shortday, i.e., less than 
12 hours sun light) has an influence on earing. In view of this nr> 
mvestigation w-as undertaken in this laboratory to TnJuSe earlier 
flow'ermg by shortday treatment. The influence of the 
length of day and night on flowering of rice Cnot 
studied m India. Hara (1930) and Puke (1931) observed SS 
flowermg^of some varieties of rice from Japan by phltopeSie 
treatment. Pan (1936) studied the length of exposure to Ught^n 
relation to plant growth in rice. While crossing tu-n ^ 

rice which normally differ in flow'ering time, Alam and Saran GQasV 
noted thu importance of relative daylength t^Se earl^fr 
As bas already been mentioned before (Sircar 

growth and flowering of winter paddy, variety 
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Material and Methods 

A pure strain of rice, variety BTiasamanilc, vas used in this 
investigation. This particular variety was selected as it is a high 
yielding variety grown in Bengal and has been used before by the 
author for other physiological studies of rice (Sircar & Sen, 1941). 
The seeds were supplied by the Government Eice Eesearch Station, 
at Chinsurah and were selected for uniformity of size and colour by 
eye. After sterilization with 0-2% formalin, 3 seeds were sown in 
each earthenware pot on June 29, 1940. The pots, 10" x 10", were 
filled with garden soil which was thoroughly mixed with one-eighth 
part by volume of cowdung manure. Germination of seeds was 
complete in course of a week. Usual agricultural practice of trans- 
planting the seedlings from seed bed was not followed in this experi- 
ment. Of the three seedlings the best one was kept in each pot and 
the rest removed. In order to analyse the results statistically, a 
sufficient number of pots were used and the data for the individual 
pots were separately recorded. There were 50 pots in all, 25 pots for 
shortday treatment and 25 for the control (full day light). The 
plants were grown in the green-honse of the Botany Department 
of Calcutta University. 

Hara (1930) and Fake (1931) working with some varieties of 
Japanese rice have recorded a suitable photoperiod of 8 hours for 
earlier heading. Fuke has further shown that in general, earlier 
heading is obtained by applying the treatment at an earlier stage of 
growth ; for instance the treatment was much more efficacious when 
applied at the stage in which the plant bears 7 to 9 leaves and tiller- 
ing becomes frequent. In this preliminary work only one shortday 
period of 8 hours from 8 A.M. to 4 p.m., was given to the plants when 
they had an average height of 65 cm. and 10 tillers per plant. Future 
experiments will be designed to make a comparative study of the 
photoperiodic effect of difi'erent daylengths on this and other 
strains of rice. For giving shortday, plants w'ere exposed to the 
sun from 8 a.m. to 4 p.m. and for the rest of the day (i. e., from 
4 P.M. to 8 A.M.) they were removed to a welUventilated light- 
proof house specially constructed for this purpose by the side 
of the green-house. The control plants were given normal 
daylight. 

All other conditions except light treatment were kept, as far as 
practicable, identical in both sets of plants. The treatment was 
begun on August 8, 1940, and continued till the earing was noticed 
in the individual pots. In absence of any information on the photo- 
periodic response in rice in India, the duration of shortday exposure 
in this experiment was kept necessarily long so that an estimate of 
the eft'ectiveness of the treatment could be made. In order to 
ascertain the minimal period of shortday exposure with an optimal 
effect of inducing earliness in rice, experiments after a statistical 
design will be carried but by the author in this season. Barliness in 
the number of days of ear emergence as an after-effect of shortday 
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treatment as compared to the control -was studied and for this the 
data for ear emergence of different plants were recorded. 

Experimental Eesults 

Growth analysis.— In this experiment shortday treatment was 
applied to plants when the seasonal day length was approximately 
13 hours and rice plants in the field during this time show a rapid 
vegetative growth. In order to test whether this reduction in day 
length would affect growth and consequently the yield at harvest 
height measurement, tiller counts and the yield of the individual 
plants were recorded. The significance of the treatment was statisti- 
cally examined by the application of ‘ ’ test. 

tho measurement adopted was the length of 

shoot from its base to the tip of the highest kaf^ The 
mean values of height on three dates, given in Table I show' th^t os 
compared with the control plants, redaction in eSylight kadsfo a 
small decrease in heiglit which is not statistically siOTificant Thi*^ 

wo a Tillers 'Were counted on three dates ; the last count 

« t toJcMe I Slto "SZ 
of ““r ?'■“ a® «!!«» 

died, consequently there was n maturity, some of them 

bearing ears. The statistical analyds (°TaWe IE So”!? th° 1 
appears a iust siffnifleaTH- V x there 

5-W..40 and 20-1 i3o (ea^lfrfnv tillers counted on 

with shortdays almost all the tiiiprQ On the other hand 

Of those Ohl/eppr S ? TdS" £”4^1?“"“^’ -S 

be statistically significant li'rnTv, +n ’ ® *iiflerence will not 

.hortday tteaLoM d^. nofZe?. *' *““* 

pldM, OP the oontS irLt. ' »' MUors per 

tillers. ■ . mcreased number of fertile 

tato"a?.t ?rrtrr,’^jrasr4? 

-s W‘dWr„v:£ 

3P... The releypp. detaX\"ent tdtfUTr 
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Table II 



Treatment 

j 

1 

Date 

Tiller 

No. 

(mean) 

Standard 
error j 

Diff- 

erence 

of 

mean | 

Standard 
error of 
diff- 
erence 

‘ t’ 

Shortday 

5-10-40 

33-9 

±1-541 

1-9 

±2-001 

0-922 


8-11-40 

32-0 

±1-369 




Control 

5-10-40 

29-38 

±1-102 

3-78 

±1-598 

*2 -365~ 


20-11-40 

25-6 

±1-166 





• Indicates significance at 5 p.c. level. 


of days from sowing to earing are given in Table III. The data 
presented here denote the dates when earing was first visible in 
different pots. It will be evident that with the same date of sowing 
there is a marked difference in the dates of ear emergence in these 
two treatments (Figs. 1, 2, 3 and 4). Shortday exposure induces an 
average earliness in flowering by 20 days (Table III) ; the statistical 
analysis of the data shows that this effect is highly significant. An 
examination of the dates of earing of individual plants shows that a 
period of 13 days (Oct. 24 to Hov. 6) for the icontrol plants and of 
19 days (Sept. 25 to Oct. 14) for the shortday plants are required 
for the ear emergence of 25 plants in each treatment. This appears 
to be a fairly long period. Bell (1939) has noted that in a pure line 
normally developed plants will occupy a period of 4 to 5 days to 
accomplish ear emergence in a plot of 200-250 plants. Any varia- 
tion in this period is attributed to weather conditions which may 
prolong or cause unevenness in earing in a pure strain. In field 
experiments this is unavoidable ; there will be always some plants 
which lag behind this period of earing by reason of some check to 
their growth and development. The present experiment with a pure 
strain, shows the earing period prolonged in both sets of plants, 
^ich appears to be due to some unknown climatic conditions 
What IS the precise nature of these is difficult to ascertain at this 
stap. Nevertheless the effect of shortday exposure in inducing 
ear mess in this variety is. very pronounced. That there resifits af 
earliness in earmg of aproximately 19-20 days by shortday periS 
13 evident from a consideration of the following fact Bell a Z 
Eamiah (1933) have remarked that in a field experiment the s^S 
fptory criterion of the date of ear emergence of a pure linZpoS- 
tion IS the date at which approximately 60 % of the plants have come 
mto ear. Table ni shows about 50% of shortday plants have come 
into ear on October 10, w'hile in the control plants the corresnondinv 
date IS October 29, thus showing an earliness of 19 days. ^ 

From the stage of ear emergence to ripening the period in thp 
shortday plants is approximately 5 weeks and this is the usual time 
required in nee field for the ears to mature. ^ * 
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Table III 

Shortday period Control (full daylight) 

(8 A.M. to 4 P. M.) I 


^ ^ No. of days 

Pot Date of Ear No. of days Po* Date of Ear from sowing 

No. emergence from sowing No. emergence to earing 

to earing 


13-10-40 

115 

31 

2-11-40 

135 

14-10-40 

116 

32 

28-10-40 

130 

13-10-40 

115 

33 

29-10-40 

131 

4-10-40 

106 

34 

25-10-40 

127 

11-10-40 

113 

35 

28-10-40 

130 

12-10-40 

114 

36 

29-10-40 

131 

11-10-40 

113 

37 

28-10-40 

180 

11-10-40 

113 

38 

2-11-40 

135 

14-10-40 

116 

39 

31-10-40 

133 

14-10-40 

116 

40 

24-10-40 

126 

10-10-40 

112 

41 

24-10-40 

126 

14-10-40 

116 

42 

4-11-40 

187 

10-10-40 

112 

43 

4-11-40 

137 

3-10-40 

105 

44 

29-10-40 

131 

8-10-40 

110 

45 

31-10-40 

133 

14-10-40 

116 

46 

24-10-40 

126 

10-10-40 

112 

47 

2-11-40 

135 

6-10-40 

107 

48 

26-10-40 

128 

12-10-40 

114 

49 

24-10-40 

126 

9-10-40 

111 

50 

28-10-40 

130 

10-10-40 

112 

51 

4-11-40 

137 

11-10-40 

113 

52 

29-10-40 

131 

10-10-40 

112 

53 

6-11-40 

139 

10-10-40 

112 

54 

1-11-40 

134 

25-9-40 

97 

55 

30-10-40 

132 


111-9 

(mean) 

25 

(pots' 

’ 

131*6 

(mean) 


Standard error 
Difference of means 
Standard error of dilfference 
Value of ‘ t * 


± 0-8029 
19-7 
±1-176 
**16-75 


PI 
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Grain Yield . — The yield data are obtained from the weight of 
total grains of individual plants of shortday treatment. The ears 
after harvesting w'ere dried in the sun for 3 days, and the grain 
weights were recorded. In these plants an average yield of 35 • 5 gm. 
per plant was noticed. Unfortunately the yield data for control 
plants are not available on account of the failure of seed formation 
in more than 50% of plants. Ear emergence Was complete in all 
the plants, later the pains did not set in a large number of plants. 
The' exact cause of this is now difficult to trace. It is possibly due to 
some change in the cultural condition of control plants at the time 
of seed formation. In absence of the data for control plants, a com- 
parison with the yield'of rice plants of Chinsurah rice research sta- 
tion may be made. 

The figure shows an average yield of 31 gm. per 25 plants, while 
the yield obtained in the shortday plants is 35-6 gm. an average of 
25 plants. Prom this it is evident that the photoperiodic treatment 
as applied to these plants has not reduced the grain yield. 

Discussion and Conclusion 


The result presented in this paper indicates the importance of the 
relative length of day and night as a factor in initiating flowering 
in winter paddy, variety ‘ Bhasamanik ’. An exposure of 8 hours 
sunlight to the plants at an earlier stage of vegetative growth has 
accelerated ear emergence by approximately 20 days. This 
demonstrates that for flowering, these plants are to pass through a 
photostage of short illumination, in other words the variety is a 
shortday plant according to Garner and Allard’s classification. 
The treatment applied to the plants at the stage of rapid vegetative 
growth had no adverse effect on height and tillering. On the con- 
trary an increase in tiller number was noticed ; almost all the tillers 
survived upto maturity and became fertile while death of some 
tillers was observed in the control plants, consequently the number 
of ear-bearing tillers is diminished. Height differences between the 
control and the treated do not appear significant. Grain yield is 
not reduced, on the other hand an indication of increased yield is 
obtained. 


In tbis preliminary work tbe eftect of only one sborf day treat- 
ment for a long duration (till the earing was visible in respective 
pots) was studied, so a full discussion on the problem of nhoto- 
periodic response in rice cannot be undertaken with a limited num- 
ber of observations. Looking into the extensive literature published 
on the photoperiodic studies in different plants it is realised 
that a ^eat deal of data would be necessary to throw further 

light on photo periodic response. 


Physiological processes involved in the photoperiodic effects 
are not Well understood The need of a suitable photoperiod for the 
initiation of flower menstem has been postulated by some invesS- 
gators (Cailahjan, 193^ Hamner and Bonner, 1938) as the physio- 
logical pre-requisites for the synthesis of a specific flower-forSg 
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hormone, called florigen. This substance is assumed to be mann- 
faotnred in the leaves and moves to varions parts resulting in floral 
initiation and subsequent development. It has been claimed by 
Cailahjan (1936), that plants respond photoperiodically as- soon- as 
the first green leaf is unfolded. Cailahjan has further shovn that 
shortday treatments applied to millet v^ere most effective when the 
plants w'ere one to five weeks’ old and that it w^as at these periods 
millet made its rapid growth. Borthwick and Parker (1938) have 
shown the effectiveness of photoperiodic treatment just after the 
green leaves are formed in Biloxi Soybeans. 

The hypothesis advanced by Cailahjan and others may have an 
important bearing on rice culture. Perception of photoperiodic 
stimuli to synthesize florigen or some such substance in the seed- 
ling condition to induce earlier flow^ering will have practical applica- 
tion in the cultivation of transplanting rice. The present investi- 
gation has showm induced flow'ering of rice variety ‘ Ehasamanik ’ 
by shortday exposure. The problem now" awaits to investigate the 
possible use of the results in agricultural practice. 

StTMMABY 

A pot culture experiment on photoperiodic response in winter 
paddy variety Bhasamanik, is described. There were two treatments 
(i) shortday and (ii) full-day (control). 

Shortday treatment of 8 hours Sunlight w*as applied to the 
plants at the stage of rapid vegetative growth and continued till 
earing was noticed. Eeduction in day length had no adverse effect 
on vegti/tive growth and grain yield; on the other hand a 
significant increase in tiller number was noticed. ‘ 

As compared with the control plants, an earliness in ear emerg-. 
ence of approximately 20 days (average of 26 plants) w'as noticed 
in plants receiving shortdays. The results w'ere statistically 
significant. 

The bearing of these results on agricultural practice is discussed. 

The author desires to express his gratitude to Prof. S. P. 
Agharkar for encouragement and granting the necessary facilities 
to carry out this investigation. ‘ . 
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Fig. 2. Ear emergence of two plants (pots 17 and 6) is shown, 
control ones have not yet eared. 

Photographed on 4-10-40. 
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DEVELOPMENT OF EMBRYO-SAG AND 
ENDOSPERM-HAUSTORIA IN REHMANNIA 
ANGULATA, HEMSL. 

By 0. Vi Krishna Iyengar 

Department of BotanUt University of Mysore, Mysore 

Beceived for publication on June 20, 1941 

Some papers on tbe formation of Embryo- sac and Endosperm bans- 
toria in several members of Scropbularinese have been already pub- 
lished by the author (Krishna Iyengar, 1937, 1939<x, 6 and o, 1940ci, 
b and o, 1941&). A paper on Tetranema mexieanum was read during 
the Indian Science Congress session of 1941 (Krishna Iyengar, 1941a), 
and the same was combined with Verbascum as a paper in the series 
(1941&) on account of several points of .affinity. Although there are 
a few abnormalities common to Teimnema Behmannia the 
latter had to be treated separiately on account of several points of 
variation as explained in the following account. 

Material and Methods 

The material for investigation w^s collected from the Govern- 
ment Gardens at Ootacamund, and fixed in Kawaschin’s fixative. 
The sections were cut between 8 and 12 /x, According to the stages 
required, and stained in Heidenhain’s iron-alum hsematoxylin. ' 

Ovule 

The ovule consists of a single integument and a reduced nucellus ' 
having a large hypodermal archesporial cell (which directly becomes 
the megaspore mother cell) surrounded by a layer of jacket cells. 
During the development of the ovule very little starch is present in 
the cells. The innermost layer of the integument forms the tapetum 
with rich protoplasmic contents. The hypostaSe is present but 
it does not attain the significant development so characteristic of 
Gelsia, Isoplexis (Krishna Iyengar, 1939a) and Verbascum (Krishna 
Iyengar, 1941&). There are some large cells with prominent nuclei 
scattered in the placenta and the integument but they do not undergo 
any appreciable change in post-fertilisation stages and hence appear 
to be without any nutritive function. 

. Development of the Embryo-sac 

. The megaspore mother cell gives rise to a linear tetrad of mega- 
spores. During its formation it vras noticed that in several cases 
the upper dyad shows only nuclear divisio*i without wall formation 
•(Fig. 1). Thus there are only three cells, the uppermost being 
bi-nucleate. The chalazal megaspore gives rise to a normal eight- 

nucleate embryo-sac as in Fig. 2 while the others degenerate. The 

^ . ..... . .. 
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sac is enlarged towards tlie micropyle and narrow towards the 
chalaza. The egg apparatus is composed of two large synergids and 
the egg, the former having a small nucleus and a large vacuole. 
The antipodals are small and the polar nuclei fuse to form a secon- 
dary nucleus which moves up ward and lies just below the egg. There 
is a considerable deposition of starch in the micropylar portion of 
the integument, as well as in the mature embryo-sac. The nucellar 
jacket begins to degenerate as the embryo-sac matures and only 
its insignificant remains are present when the sac is fully formed. 

Stages in fertilisation have not been studied. One of the 
synergids seems to be destroyed by the pollen tube during its passage 
into the embryo- sac (Fig. 3). The antipodals begin to degenerate 
from this time onwards. 

Development of Endosperm and Embryo 

The first division of the primary endosperm nucleus is trans- 
verse, and this is followed by a wall resulting in the chalazal and 
micropylar chambers (Fig. 4). The next division which is longi- 
tudinal is confined to the micropylar chamber, while only a nuclear 
division takes place in the chalazal chamber (Fig. 5). The third 
division is transverse and this separates two middle cells from the 
micropylar tier (Fig. 6) ; the former undergo a series of transverse 
divisions giving rise to the endosperm, while the two micropylar 
cells and the chalazal chamber develop into the haustoria. The 
fully formed endosperm is differentiated into a specialised tissue 
towards the two ends for the taking in of food materials from the 
haustoria to the more deeply placed storage tissue (Fig. 14). 
Towards the micropylar side some of the conducting cells enlarge 
significantly and may themselves serve in the absorption of nutrition 
from the surrounding integumentary cells and thus assist the micro- 
pylar haustorium. But the major role is certainly the transportation 
of nutrition from the haustorium to the endosperm proper. The 
endosperm tissue while it is being formed does not have any starch 
in the beginning, although this is quite prominent in older stages 
as well as in the mature embryo-sac. Thus it is probable that the 
starch in the embryo-sac is utilised during the early stages in the 
formation of endosperm tissue and might as well indicate a probable 
delay in the haustorial action. 

Some of the stages in the development of the embryo have been 
studied, and these indicate that the embryo is of the Capsella-tj-pe. 

Endosperm Haustoria 

The chalazal chamber directly develops into a hanstorium. 
At times an incomplete longitudinal wall is present in this chamber 


primary endosperm nucleus ( x 320). Fig. 7. Long, section showing endo- 
sperm haustoria ( x 97-5). BNgs, 8-10. Micropylar haustoria showing 
variation in nuclear number ( x 320). Figs. 11-13. ^yeral stages of 
growth of chalazal haustorium (Figs. 11 and 12. X 320; Fig. 13. X 730)% 
Fig. 14. Longitudinal section of a young seed ( X 65). 
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(Fig. 13) indicating its deriyation from an originally two- celled 
structure. The nuclear number yaries (Figs. 5, 6, 11-13). Often 
the haustorium will be bi-nucleate, one of the nuclei being smaller 
and placed at times towards the chalaza, but occasionally the 
number ranges from three to fiye, one of the nuclei being much 
smaller than others. This haustorium is simple and non-aggressiye 
and without any elaborate differentiation. 

The micropylar haustoria deyelop from the two cells cut off 
towards the micropyle. The separating membrane is yery thin 
and its early dissolution results in the formation of a single bulbous 
body with 2-6 nuclei (Figs. 8-10). Although non-aggressiye, it 
yet shows a high degree of haustorial action as eyidenced by its large 
nuclei and rich contents and its accumulation of nutritiye material 
in its neighbourhood. Older haustoria show hypertrophied and 
amoeboid nuclei of yarious sizes. 

Integumentary Taretum 

This layer is differentiated from the integument at a yery early 
stage and is composed of large cells with rich protoplasmic contents 
and prominent nuclei. During further growth of the embryo- sac it 
becomes confined only to its non-dilated lower part of the sac. 
While the endosperm is being formed this layer loses most of its 
contents, becomes reduced in size and deyelops a thick cuticle. 
Some of the cells towards the micropyle are howeyer not so much 
affected, and do not show any significant cuticle formation, but 
maintain their thin-walled nature. This feature makes one suspect 
that to a certain extent the nutritiye material of the integument 
enters inwards through this region also. 

Discussion • 

Rehmmnia conforms to the other members in the deyelopment 
of the embryo-sac from the innermost megaspore of the Hnear tetrad, 
but instead of four megaspores being formed only three are usually 

present, the outermost being bi-nucleate. A similar staige. though 
with the bi-nueleate megaspore towards the chalaza, has been 
reported by Schmid (1906) in Pedicularis verticillata. A deposition 
of starch in the integument as well as in the embryo-sac is noticed 
u Celsia, Isoplexis (Krishna Iyengar, 

Iyengar, 19416) and others, 
d towards the micropyle also stores m 

starch during the deyelopment of the embryo-sac. A hymTstase 
IS p^sent in although the radiating arrangement of cells 

so characteristic of Gelsia and others, is wanting.- ^ ^ 

— Just as in the other members of the 

tSSiSn^oIVT/t endosperm nucleus result in 

^ kinds of lianstoria towards tlie ends and 
endosperm tissue in the middle. There is the uS differentiation 
u the conducting and the storage tissue Some of 
the conducting ceUs towards micropyle enlargeVst as in Alonsoa 
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(Krislina Iyengar, 1937), Tetranema (Krislina Iyengar, 1941&) and 
otliers, and this feature combined witli the thin- walled nature of the 
tapetum at this end indicate that they probably have a partially 
haustorial function (either direct or indirect) besides the transporta- 
tion of the nutritive material from the haustoria to the endosperm 
tissue. In Verbascum tJiapsus (Krishna Iyengar, 19416) the conduct- 
ing cells at the chalazal end enlarge and are probably similar in 
function. 

The chalazal haustorium is the earlier to be organised as also 
to degenerate. ^ Its non-aggressive nature is comparable to Tetra- 
nema while its incomplete partitional wall reminds one of Pauloionia 
(Millsaps, 1936) and YI type (GliSic, 1936'-'37). The 

varying number of nuclei and their different sizes also find a parallel 
in ietranerndj although in other respects these two genera are much 
related to each other. This multinucleate chalazal chamber can be 
compared to the ‘ basal apparatus ’ (Schnarf, 1929) met within some 
other families. 

At the micropylar end a bi-nucleate haustorial body is formed 
by the dissolution of the separating membrane between the two cells 
originally laid down. Occasionally a tri- or a tetra-nucleate 
haustorium is met with, while in one instance as many as six nuclei 
were seen. The presence of 4 or more nuclei in the haustorium is 
quite a common feature in the Labiate (Junell, 1937; and Kara- 
sirnha Murthy, 1940). 

The tendency to reduce the number of haustorial cells and their 
nuclei happens to be a general feature of the Scrophularinese. The 
response to the nutritional stimulus often results in the hypertrophy 
of a cell or its. nucleus or both, but the enlargement of one of the 
two nuclei of the chalazal haustorium, and the degeneration of the 
other nucleus which is nearer to the chalaza and thus directly 
placed in th^ way of the nutritional stream (as seen in 'VandelUa, 
Krishna Iyengar, 1940 a) make one doubt if all the nuclei; of a 
haustorium are endowed with the same responsive capacity.:: 

Hypertrophy of a nucleus is often interpreted by some as 
a pathological condition. As opposed to this view there are many 
instances where hypertrophied nuclei persist till a late stage is reach- 
ed, and only then begin to show greater accumulation of chromatin 
material, loss of proper differentiation, dissolution of the nuclear 
'’membrane and a final break up. Since the greatest development 
of the haustorium in most of these members coincides with the 
' hypertrophy of its nucleus, it may reasonably be concluded that this 
condition is the healthy . result of a response to the nutritional 
stimulus, and expressive of a high activity of the nucleus instead of 
being an indication of a state of malady of senility. ' ‘ " 

■ ■: ■' Summary 

1.’ In Rehmannia angulata the large hypodermal cell directly 
/ functidns as the megaspore inother cell, from which a linear tetrad 
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of megaspore is often formed. At times there are only three spores, 
t]i6 outermost one (towards tlie micropyle) being bi-nucleate. 

2. A normal eight-nucleate embryo-sac develops from the 
chalazal megaspore. The synergids are large and the two polar 
nuclei fuse to form a secondary nucleus which moves up just below 
the egg. 

3. The integumentary tapetum sheathes only the non-dilated 
chalazal part of the sac. It loses most of its cell-contents during 
the development of the endosperm and embryo. 

4. The first three divisions of the primary endosperm nucleus 
result in the micropylar and the middle tiers of cells with^ two cells 
in each tier, and the chalazal chamber with or wi thout an incomplete 
partitional wall. The cells of the middle tier give rise to the endo- 
sperm while the haustoria are organised at the two ends. 

5. Some of the conducting cells of the endosperm towards the 
micropyle are enlarged and probably assist in the absorption of the 
tissue contents of the integument. 

6. The non-aggressive chalazal haustorium is often bi-nucleate 
but occasionally 3, 4 and 5 nuclei are also met with, one of the nuclei 
often being much smaller than the rest. 

7. The micropylar haustorium is composed of two uni-nucleate 
cells, but the early dissolution of the separating membrane resets 
in a single bi-nucleate body which is bulbous and non-aggressive. 
Even here the nuclear number occasionally varies from 4 to 6. The 
nuclei are amoeboid and hypertrophied when the haustorium is 
mature. 

8. The development of the embryo is of the Gapsella-tj-pe. 

Grateful acknowledgements are made to Dr. M. A. Sampath- 
kumaran, m.a., Ph.D., s.m. (Chicago), Professor of Botany, Central 
College, Bangalore, for kindly giving me the necessary facilities for 
the investigation and to Dr. P. Maheshwari, D.sc., F.A.sc., f.n.t. 
of the Dacca University, for his perusal of the manuscript and helpful 
criticism. I wish to thank the authorities of the Govt. Gardens, 
Ooty, for permitting me to collect the necessary materials. 
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MORPHOLOGY AND PARASITISM OF 
TROCHODIUM SAMPATHENSE 
THIRUMALACHAR, SR NOV. 

By M. J. Thieumalachab 
Department of Botany i Central College^ Bangalore 

Beceived for publication on May 7, 1941 

The genus Trochodium was founded by Sydow(1919) to accommodate 
a rust parasitic on the leaves of Ipomoea argyreoides, Chois, in South 
Africa. Thiimen (1878) who first observed it thought that two 
rusts were involved and he designated the aecial stage Aecidium 
Ipomoeae and the uredal stage Uredo aterrima. Berkeley (1882) 
who also examined it concluded however that there were not two 
rusts but two stages of one and the same rust, and renamed it 
Uromyces Ipomoeae. Sydow (1919) thought however that the 
peculiar configuration of the teliospores justified the erection of a 
new genus to which he gave the name Troc/iodmm, and the genus 
has been accepted by Dietel (1928), Saccardo (1925) and Clements 
and Shear (1931) though Doidge (1926) retains the name Uromyces 
Ipomoeae in her monograph of the South African rusts. The rust 
has so far been recorded only from South Africa and the genus is 
monotypic. 

Collections of rusts on Argyreia speciosa, Sw., A, eymosa, Sw., 
and A. argentea and on Lettsomia elliptica, Wight, made in Assam, 
Madras Presidency and the Mysore State respectively have been 
identified by Sydow and Butler (1906, 1907) to be Aecidium 
Argyreiae Berk and Broome, but collections of rusted specimens of 
Argyreia cymosa at Hiriyur and Lettsomia elliptica at Bangalore 
made by the author in December 1940 have shown the telial stages 
possibly of this same rust. Culture experiments which were sub- 
sequently carried out have shown this surmise to be correct. The 
rust is a new species belonging to the genus Trochodium to which 
the author proposes to give the name Trochodium Sampathense. 

Symptoms 

The fungus attacks leaves, twigs and fruits of the host plant, 
causing slight swellings (Pigs. 16, 17). The infection, beginning 
as a tiny yellow speck, spreads gradually forming concentric yellow 
patches. 

It assumes an active phase soon after the rains in August, and 
pycnia which are evanescent are developed in large numbers along 
with aecia. Due to secondary infection by the aeciospores, the 
infection very soon spreads to the adjacent plants. During the 
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Figs. 1-6. — Fig. 1.5 Camera lucida drawing of an aecium on Argyreia 
cymosa, showing chains of spores and peridia ( x 300). Fig. 2. Germina- 
tion of aedospores ( X 400). Fig. ^3. Surface view of the teliospore 
showing the central pit with the stiiations of the exospore converging around 
it (X 900). Fig. 4. Transverse section of the teliosorus showing spores 
in various stages of development (x 400). Fig. 5. Showing the initials 
of telia formed beneath the epidermis ( X 400). Fig. 6. Teleutospore 
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montlis of September, October and November, only secondary 
aecia are produced, but after the second week of December, telia 
are formed as black specks on the infected patches. Telial sori 
present a fluffy powdery appearance when examined with a field 
lens. 

Material for microscopic studies was fixed in Allen’s modifica- 
tion of Bonin’s fluid, and Formalin acetic alcohol. Sections 8 to lOjx 
thick were cut and stained with Haidenhain’s iron-alum hsematoxy- 
lin, with Orange G as counterstain. Material for spore germination 
was stored in paper bags in a cool place. Spores were germinated 
and stained by the method previously described by the author 
(1940). 

Telia 


■ Telia which develop in the month of December are the wintCT 
spores. They are amphigenous and chestnut brown to black in 
colour. Initials of telia are developed beneath the epidermis, the 
mycelium being binucleate (Pig. 5). From them emerge slender 
hyphfE, at the tips of which the spores are abstrieted. The nuclei 
migrate into the spore and are cut off by a wall. The stipe of the 
spore enlarges in size due to inflation (Fig. 4). 

Sydow (1919) described the teliospores of Troclodium Ipomoeae 
(Thiun) Syd. as being unicellular, stipitate and deep brown in 
colour, with an inflated stalk. The wall of the spore is ribbed around a 
central pit. Teliospores of the present Irochodium are also deep 
brown in colour, amphigenous and erumpent. In early stages the 
spores are pale yellow and binucleate (Fig. 12), but mature spores 
are uninucleate due to the fusion of the nuclei (Fig. 13). The spores 
are spherical with a rounded apex. The exosporo is thick with longi- 
tudinal striae, which radiate from the apex and converge towards 
the base. The apical germ pore is situated in a pit, and is conspi- 
cuously thickened along the margin (Fig. 3). The spores are not 
shed at maturity but remain attached to the sorus. 

It is interesting to note that in Trochodium Ipomoeae described 
by Sydow and figured by Dietel (1928) the spores have stalks which 
are inflated to a size bigger than the spore itself. This however 
is not the case in the Trochodium under study, for, the stalk in this 
case is inflated only at the place of attchment, and is smaller in size 
than the spore. The spores are not applanate as in Trochodium 
Ipomoeae Syd. but almost spherical. They measure 20 x 26 p,. 

Fresh spores collected during the months of March and April 
did not germinate, indicating that a period of rest was necessary. 
Teliospore material stored in the laboratory was tested from time to 
time for germination. Teliospores after a rest period of three to four 

months germinated however quite readily. 

The process of germination is as follows ; — a single nucleus 
migrates from the teliospore into the germ tube (Fig. 11). The four 
cells of the promycelium which is formed are uninucleate (Fig. 8). 
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Figs. 7-15. — Fig. 7. Camera lucida drawing of 
ostiole and paraphyses ( x 400). Pig. 8. Pour-celled pr 
the development of steiigmata ( x 400). Pig. 9. Gm 
showing the foimation of secondary sporidia ( x 800). 
the development of sporidia (x 400). Pig. 11. 
spore \wth one-celled promycelium ( X 400). Pig. 12 
young teliospore showing two nuclei. ( x 800). Pig. 'l 
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Basidiospores are formed at the tips of the sterigmata (Pig. 10). 
These are spherical, thin-walled and nninucleate in early stages. 
In most of the cases observed the mature spores after abscission 
showed binucleate condition. The formation of secondary sporidia 
is of common occurrence. The nucleus and the contents of the 
primary sporidium migrated into the secondary sporidium even 
while attached to the sterigma (Figs. 9 and 19). The development 
of secondary sporidia was not affected by moisture conditions, and 
seemed to be a normal phenomenon. The secondary sporidium is 
always smaller than the primary sporidium which retains its shape 
as a balloon-shaped structure. 

Secondary sporidia are commonly met with among rusts, and 
various investigators have recorded their occurrence. They have 
been found to develop in Gronartium ribicola Fischer by Colley 
(1918), FJiragmidium sp., Uromyces Hobsoni Yize., and other rusts. 
Blackman (1904) states that no significance can be attached to the 
development of secondary sporidia. However in this Trocliodium 
the development of secondary sporidia is normal and is not afiected 
by moisture conditions. Perhaps the empty primary sporidia are 
in the nature of balloon-shaped bodies functioning as parachutes 
for fecilitating the dispersal of sporidia to long distances. Develop- 
ment of tertiary sporidia (Fig. 15) was also observed in a few cases. 
The nucleus becomes elongated in the process of migration (Fig. 14). 
Similar instances of tertiary sporidia formation have been 
reported in Uromyces Hobsoni by the writer (1939). 

Aecia 


Aecia are not restricted to the lower surface of the leaf, but are 
found to be distributed on either surfaces. They are cupulate and 
covered with well-developed peridia (Fig. 1). The aecial plecten- 
chyma is sub-hypodermal, formed by the concentration of hyphae in 
the intercellular spaces. Aeciospore mother cells are abstricted from 
the basal cells. The outermost layers of the aecial chain become 
transformed into the peridial layers. The aeciospores are poly- 
hydral, yellow in colour, minutely spinescent, with an indistinct 
germ-pore. The spores measure 20 x 17 /x. The spores readily 
germinate within 24 hours, and develop very long germ tubes if 
allowed to remain in the germination chamber for a long time 
(Fig. 2). 

Pycnia 


Pycnia which have not so far been recorded for the genus 
Trocliodium are being now reported for the first time. In the course 


nuclear fusion in the teliospore ( X 800). Fig. 14. Fig. 16-1 9 and Camera 
lucida drawing showing the migration of the nucleus from secondary 
sporidium to tertiary sporidium ( X 1800). Pig. 15. Showing the develop- 
ment of the tertiary sporidium ( X 800). Fig. 16. Photograph of an infected 
leaf of Argyreia cyniosa (about natural size). Fig. 17* Infected leaf of 
Lettsomia elliptic t ( X i natural size). Fig. 18. Photomicrograph of the 
pycnium (X 280). Fig. 19. Photomicro^aph of a germinating teliospore 
showing the formation of secondary sporidia ( X 500). 
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oi the studies the author observed a few pycnia in section and 
later they were made out in large numbers even macroscopica- 1137 '. 
They are amphigenous, and appear as orange coloured specks when 
examined with a lens. They are flask-shaped sub-h^^podermal, with 
an ostiole. Paraphyses and flexuous hyphse are exserted from 
the ostiole enmeshed in nectar containing spores (Figs. 7, 18). The 
initials of pycnia are also sub-hypodermal, the mycelia being con- 
centrated in the intercellular spaces. The hyphse are uninucleate. 
Pycnospores are oval or spherical in shape with a large nucleus, 
which is vacuolate. 

Aeciospoue Infection 

Host plants of Argyreia eymosa and Lettsomia eUiptica were 
raised from seeds under rust-free conditions. The plants were kept 
in glass cages with adequate aeration. Fresh aeciospores collected 
from the respective hosts, were used for infecting the plants, since 
spores stored in paper bags lost their viability after two weeks. 
Young leaves to be infected were spra^md with water and dusted 
with the aeciospores. Small portions of infected leaves of the host 
plant with freshly erupted aecia were gently rubbed on the under- 
surface of the leaves of the host plant, which had been previously 
sprayed with water. This method of infection was found to be quite 
useful by Anderson (1939) for infecting currant leaves with uredio- 
spores of Cronartium rihicola. The infected plants were enclosed 
for 48 hours in moist chambers, inside which a relatively high 
humidity was maintained. 

The first sign of infection became perceptible after 8 to 7 days, 
as a small yellow speck, and this gradually spread out. The 
infected portions showed slight hypertrophy, and after 15 or 20 
days, aecial pustules were formed on these yellow patches. The 
epidermis was ruptured by the developing chains of spores. The 
infection caused by the secondary aecia was found to be very 'vdrulent. 
The infected patches rapidly dry up, and hasten the defoliation 
of the plant. The secondary infection of aeciospores in TrocJio- 
dium is associated with the absence of uredia in the life-cycle of the 
rust. Barclay (1895) in discussing the secondary infections of 
aeciospores in Uromyces Hobsorii where a similar phenomenon occurs, 
states, “ the assumption by the aecidiospores of the function of 
urediospores, and the consequent non-necessity for the production 
of the latter is significant ’k 

SpoEiniAU Infection 

Teleutospores were germinated on slides in moist chambers. 
Argyreia eymosa plants grown under rust-free conditions were 
inoculated with sporidia. For the purpose of localizing the infection, 
small squares were outlined on the leaf with water-proof Indian ink. 
The inoculum w^s placed after spraying the leaves with sterile tap 
water. The infected plants were kept in moist chambers for 24 
hours. Eight days alter inoculation, small yellow spots were 
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observed on tbe leaves indicating successinl infection. The spot 
gradually enlarged into a patch. Pycnia were observed after 15 
days developing as orange coloured specks, with tiny drops of nectar. 
The pycnia are evanescent, and degenerate after 7 to 9 days. The 
development of aecia follows that of pycnia. The infected patch 
becomes studded with aecial pustules. The aeciospores continue 
to infect the same host by secondary infection. Telia are formed 
only after the month of December. 

SXTJDT OP THE SeXHAL BEHAVIOUR OF THE EUST 

Eecent investigators on rusts have shown the importance of 
the study of sex in rusts. The discovery of the heterothallic nature 
of Puceinia HeliantU Schw. and Puccinia graminis Pers. by Craigie 
(1931) has attracted the attention of several investigators. By 
further studies, forms such as Puccinia coronata Corda., P. Sorglii 
Schw., Melampsora Lini (Pers.) Lev., Qymnosporangium Juniperi- 
virginiane Schw., Gronartium ribicola J. C. Fischer, and others have 
been proved to be heterothallic. Only in Puccinia Malvacearum 
Bert., a doubtful case of homothallism has been reported. 

In studying the sporidial infections of the Trochodium under 
study, an attempt was made to investigate thi sexuah behaviour 
of the rust. Seedlings of Argyreia eymosa grown under rust-free 
conditions were taken, and sporidial infections were obtained on 
them by suspending germinating teliospores over the seedlings, 
as described by Craigio (1931). By this method well isolated 
monosporidial infections were obtained. The infected plants 
were covered with bell jars to prevent insect vectors. Care 
was taken to provide adequate aeration to the plants. Only 
such leaves in which infected spots were sparsely distributed 
were chosen for observation. The monosporidial infections remained 
unchanged without further development, and gradually deterio- 
rated. Later, the infected patch dried up without any aecial 
development. In another series of experiments, leaves wherein 
the infected spots were in close proximity (about 1 to 2 mm. 
apart) were chosen for observation. The nectar exuding from the 
pycnia was mixed up by gently passing the tip of a camel-hair brush. 
Aecial development was observed after 16 or 20 days. These experi- 
ments indicate that the Trochodium on Argyreia eymosa is hetero- 
thallic, and that the fusions of the nectar of two different strains of 
pycnia are essential for the development of aecia. Brown (1940) 
points out that the presence of a well-developed pycnia would 
usually indicate that the fungus is heterothallic. In the homo- 
thallic forms pycnia are either absent or under-developed. 

Conclusions 

From the preceding investigations it will be manifest that the 
Trochodium on Argyreia eymosa and on Lettsomia elUptica is an 
autoecious but heterothallic rust whose spore-forms develop on the 
host in definito seasons; pycnia in July and August, aecia (both 


Siii 




66 



M. J. THIBVMALAGHAB 


primary and secondary) in September to December, and telia from 
January onwards. Dr. B. B. Mundkur of the Imperial Agricul- 
tural Eesearch Institute, New Delhi, kindly informed the writer that 
Butler’s specimens in Assam, the Madras Presidency and the Mysore 
State, were collected during October to December when only aecia 
are present. 

It will be noted that the aeeiospores of Troohodium on Argyreia 
and Lettsomia can cause secondary infections leading to the spread 
of the rust, and as in Uromyces Hobsoni the uredial stage is absent. 
There were certain other characters likewise in which it resembled 
U. Hobsoni, namely, the occurrence of flask-shaped pycnia with 
ostiole and paraphyses, cupulate aecia with well-developed peridia 
secondary infection by the aeeiospores, autoecious life-cycle, and 
the development of secondary and tertiary sporidia. 


It is also clear that the rust differs substantially from the only 
other species of Troohodium so far known, T. Ipomoece (Thiim.) 
Syd. in its morphological characters. In naming the fungus, two 
courses were open to the writer, either to make a new combination 
using Berkeley and Broome’s specific epithet, or erect a new species. 
If he were to adopt the former course, then the type would be 
Berkeley and Broome’s rust on Argyreia elliptiea collected at 
Peradineya, Ceylon, in January 1868. But this type is without the 
perfect, that is the telial stage, and it is necessary to designate a new 
type with the three stages (0, I and III) on it. Taking advantage 
of Art. 67 of the International Buies of Botanical Nomenclature which 
invalidates all names given to imperfect stages, the writer proposes 
to present this rust as a new species and calls it Troohodium 
Sampathense. 


Description of the rust : 

Troohodium Sampathense Thirumalachar sp. nov. 

Pycnidiis.—Amphigems, in hospitali textu residens, forma 
ampullm similC’ cum ostiola et paraphysi. Aecidiis amphigenis 
in f ohis fructibusque catervatim singulis centris dispositum, noculo 
simile, cum peridio. Aecidiosporis rotunda vel polyhydralis, flava 
minutis, cum spinis, 20-17 diam. Teleutosporis singulis cellis’ 
fulva vel nigra, latitude maior est quam longitude, apiee curvato’ 
germims foramine elevate, rugata, in cavea posita, exospora costath 
costis ex apice radiantibus et ad fundamentum convergentibus • 26u 
lato ; 20^, altis ; eaule persistente hyaline, mode in loco afflciendi 
inflate; sporis post tempus requietis germinantibus. Snoridis 
postquam, msitu germinaverunt, secundaria sporidia formant. 

Cl. Argyreice cymosce Sweet. Hiriyur, Mvsore 

?S!l 5 !!l 940 ^. Lettsomia elliptiea Wight, Bangalore, 

Pyewia.— Amphigenous, sunken in the host tissue, flask-shaned 
mth an ostiole and paraphyses. Aecia are amphigenous foSn 
leaves and fruits m concentric patches ; aeeiospores are round or 





TEOOHODIUM SAMPATHENSE, SP1!0. 2y07. 67 

polyhedral, yellow in colour, minutely spinescent, and measure 
20 X n fi- Telleuto spores are unicellular, chestnut brown to black 
in colour, broader than long, with a rounded apex, and measure 
26 X 20 P-. Germpore is apical, situated in a ridged pit and the 
exospore is thick with longitudinal striae which radiate from the 
apex and converge towards the base. The stalk is persistent, 
hyaline and inflated only at the place of attachment. Teleutospores 
germinate after a period of rest. Sporidia germinate in situ and form 
secondary and tertiary sporidia. , 

In living leaves of Argyreia cymosa Sweet. Hiriyur, Mysore 
State, 5-4-1940 (Type.) and of Letisomia elliptica Wight. Bangalore, 
10_5_1940. Type deposited in the Herb. Crypt. Ind. Orient, of the 
Imperial Agricultural Eesearch Institute,. Eew Delhi, and the 
Imperial Mycological Institute, Kew, England. 

Stjmmary ■ 

1. Trochodium Sampathense found parasitic on the leaves, twigs 
and fruits of Argyreict cymoscc^ and Lettsomiu ellipticcti is a new species 
and differs from the only other species of Trochodium so far known 
T. IpomoccB (Thiim.) Syd. in morphological characters. 

2. Three spore-forms vits.,' telia aecia and pycnia are present 
in the life cycle of the rust, and these develop on the host in definite 
seasons ; pycnia in July— August, aecia in September-December, and 
telia from January onwards. Aecidium Argyreoides recorded by 
Butler and Sydow is the aecial stage of Trochodium. TJredia are 
absent. 

3. Pycnia are flask-shaped, sunken in the host tissue, with an 
ostiole and paraphyses. They have been recorded for the first time 
for the genus Trochodium. 

4. Aecia are cupulate, with peridia. Aeciospores are round 
or poiyhedral in shape, and they infect the same host forming 
secondary aecia. 

5. Teliospores germinate after a period. of rest. Sporidia are: 
uixinucleate in early stages, and binucleate after the formation of 
secondary sporidia. Tertiary sporidia have been observed. 

6. Sporidia infect the same host and form pycnia and aecia. 

7. Monosporidial infections reveal that the fungus is hetero- 
thallic. 

In conclusion the writer wishes to acknowledge his indebted- 
ness to Dr. M. A. Sampathkumaran, Professor of Botany, Central 
College Bangalore, for guidance and encouragement in the course 
of this work; and to Dr. B. B. Mundkur, Imperial Agricultural 
Eesearch Institute, New Delhi, for critically going through^ the 
manuscript and for the help rendered in confirming the above 
conclusions and in making available the relevant literature. 
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GAMETOGENESIS AND EMBRYOGENY IN 
A FEW MEMBERS OF THE MELASTOMACEAE* 

By K. SXJBEAMANTAM 
Department of Botany, Central College, Bangalore 
(CommTimcated by M. A. Sampathkutaaraa) 
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BeNtham and Hookbe (1862-’83), Engler and Gilg (1924), Bessey 
(1915) and Wettstein (1924) have all placed the family JfeZasf omacece 
in the order Myrtales (or Myrtiflorse). But Hutchinson (1926) 
splits this order into the Lythrales and Myrtales, and places in the 
latter order the family Blelastomacece along with the Myrtaceae, 
Lecythidaceas, Combretaceee and Ehizophoraceae. 

Subsequent to the work of Hofmeister (1858), working on the 
Gametogenesis of Gentradenia, who reported some interesting 
features, Mellink (1880), Tassi (1898) and Warming (1898) investi- 
gated in detail the embryological features of some members of this 
family. The latest contribution in this field is by Euys (1925) and 
Ziegler (1925), who studied a large number of European species. 

The present study on the gametogenesis and embryology in the 
Melastomaeece was undertaken by the writer in order to find out the 
morphological details in some of the Indian forms. The plants 
selected for study are Leandra cordifoUa Cogn., OsbeeUa, oupularis 
Don., 0. Wightiana Benth., 0. Jiispidissima Wt., and Memecylon 
Heyneanum Benth. 

Matbeials and Methods 

The materials for study were collected from the following loca- 
lities. IjeandTCL cordifolia Cogn., a native of South America, was 
collected in the Government Botanic Gardens, Travancore ; OsbeeUa 
cwpularis Don., at Kavale in Malabar 5 0, TFij/ZsZiaiitt Benth., at 
Sheratere island, twenty miles from Cochin ; 0. Jiispidissima Wt., 
in marshy places near Balehonnur, Mysore State ; and Memecylon 
Heyneanum Benth., from the Government Botanical Gardens, 
Bangalore. 

The materials were collected on warm and bright sunny days 
between 11 a.m. and 3 p.M- Various fixatives were tried, of which 
Bonin’s and Bawashin’s proved to be the best. To facilitate pene- 
tration the hairs on the ovary wall were renaoved and the materials 
were kept in a vacuum condition. Dehydration, clearing and embed- 
ding were dono ns nsunl. In the cns6 of 0. JiispidisBiMci tlio c[uick 
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it, ^i^’ cordifolia Cogn. Kg. 1. Transverse section of 

the anther to show the four locular nature ( x|400). Kg. 2. A portion of 
the locule of the anther to show the epidermis, two middle layers, tapetum 
and the sporogenous tissue ( X 450). Kg. 3. Pollen mother cell in dia- 
kmesis, showing 23 bivalents (xlSOO). Kg. 4. Pollen mother ceU in 
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method of infiltration as recommended by Dawson (1922) was tried 
and was found to be very successful. Sections were cut from 6 to 16 
microns in thickness, and stained in Heidenhain’s iron-alum 
hsematoxylin, with Orange G as counterstain in some cases. Eor 
microsporogenesis the slides were destained in a saturated solution 
I of picric acid. 

Micbospokangium and Miceospoeogenesis 

The development of the microsporanginm has been studied in 
Memeoylon Heyneanum and Leandra cordijolia. 

There are eight stamens in Memeeylon Heyneanum and ten in 
Leandra cor difolia. The anther shows a four locular nature in cross 
section (Fig. 1). In the young anther three to four cells are differen- 
tiated in the hypodermal layer to form the primary archesporium 
j (Fig. 62). These cells divide periclinally and give rise to the inner 

sporogenous and the outer primary parietal cells. The latter divide 
further and give rise to three parietal layers, of which the outermost 
forms the endothecium and the innermost the tapetum (Fig. 66). 
The sporogenous cells divide and give rise to the microspore mother 
cells. The tapetal cells are uninucleate throughout and thus corres- 
pond to the first type recognized by Cooper (1933) in his classifica- 
tion of the tapetal cells in Angiosperms. The tapetal cells attain 
their maximum size at the tetrad stage of the mother cells. They 
become slightly detached from the middle layer in the case of Meme- 
cylon Heyneanum. They show rich contents but later disorganise, 
thus affording nutrition for the developing tetrad of microspores. 
Further, in the case of M. Heyneanum the tapetal cells divide peri- 
clinally to form two layers of tapetal cells (Fig. 67). 


metaphase ( X 180). Fig. 5. Polar view of the metaphase plate ( X 1800). 
Pig. 6. Two polar metaphase plates in meiotic mitosis showing the parallel 
disposition of the spindles ( X 1800). Fig. 7. Mature uninucleate pollen 
grain ( X 1800). Pig. 8. A portion of the locule of the anther showing the 
disorganised tapetum and the pollen grains in various stages of degenera- 
tion ( X 400). Pig. 9. An young anatropus ovule to show the develop- 
ment of the initials of the integuments ( X 400). Pig. 10. An anatropous 
ovule showing the vascular strand, the hypostase, the megaspore mother 
cell, the two integuments and the zigzag micropyle (X 900). Pig. 11. 
The primary archesporium ( X 900). Pig. 12. The archesporium in 
late telophase division (x 900). Pig. 13. Megaspore mother cell and the 
primary parietal cell in late anaphase division (x900). Fig. 14. Two 
parietal cells and the megaspore mother cell ( X 900). Pig. 15. Mega- 
spore mother cell in open spireme stage (x 900). Pig* 16. Megaspore 
mother cell in late anaphase stage ( X 900). Pig. 17. Dyad (X 900). 
Pig. 18. Linear tetrad showing the degenerating micropylar megaspores 
and the enlarging chalazal megaspore (x 900). Pig. 19. ^ Two-nucleate 
embryo-sac, where the micropylar nucleus is in metaphase division ( x 900). 
Pig. 20. Two-nucleate stage (X 900). Pig. 21. Three megaspore 
mother cells out of which one is in diakinesis ( x 900). Pig. 22. Linear 
tetrad where the third and chalazal megaspore show signs of enlargement 
( X 900). Pig. 23. Double linear tetrad ( X 900). Fig. 24. Two mega- 
spore mother cells in division, one in metaphase and the other in anaphase 
( x 900). Pig. 25. The formation of the four-nucleate embryo-sac from 
two-nuciec^te embryo-sac ( X 900). 
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The micleiis of the pollen mother cells passes through the usual 
meiotic divisions (Figs. 3, 4, 5, 63, 69 and 73). The nucleolus may 
or may not persist till late dialdnesis. During the first meta- 
phase there are seven chromosomes in M. Heyneamm (Fig. 63), and 
twenty-three in X. cordifolia (Fig. 3). The bivalents are drawn 
towards the poles. The telophase chromosomes form a compact 
group and the spindle attains its greatest length. A distinct nuclear 
membrane is formed around each telophase set of chromosomes but 
no wall is formed after the first division ; on the completion of 
the second division the tetrad separates by cleavage furrows 
(Fig. 65). 

The mature pollen grains have a thick exine and a thin intine. 
At the stage of shedding they are binucleate in the case of M, Heyne- 
anum (Fig. 71) and uninucleate in X. cordifolia (Fig. 7). 

In the case of X. cordifolia there are only four to six fully 
developed pollen grains in each anther locule (Fig. 8). This is due 
to pollen sterility, as a large number of pollen grains was seen in 
various stages of degeneration. In If. Heyneanum all the microspore 
mother cells develop into pollen grains without degenerating. 

In the mature condition the anther shows an outermost layer 
the epidermis ; next to this an endothecium, which is greatly deve- 
loped in Jf. Heyneanum with the characteristic thickenings ; a 
single middle layer ; and lastly the tapetum (Fig. 66). 

Gebmination of Pollen Grains 

In the case of if. Heyneanum pollen grains were germinated on 
slides on drops of sucrose solution. 

The first sign of germination of the pollen grain is a slight swell- 
ing probably due to the absorption of sugar solution, when the 
three germ pores are clearly seen. The intine bulges out as a small 
pellicle through each of the germ pores, further development of 
the tube being restricted to one of the pores alone (Figs. 70, 71 
and 72)., 


the early degeneration of the three antipodals before the organisation of the 
egg apparatus and micropylar polar ( x 900). Fig. 29. Mature embryo- 
sac showing the egg, the hooked synergids and the polars ( X 900). Fig. 30. 
Three-celled proembryo ( X 900) . Fig. 31. Two-celled embryo (X 900). 
Fig. 32. Four-celled embryo (X 900). Fig. 33. Eight-celled embryo 
( X 900). Fig. 34. Formation of the second oblique wall in the penulti- 
mate cell of the embryo ( X 900). Fig. 35. The formation of the tri- 
angular hypophysis ( x 900). Fig. 36. A late embryo with four sus- 
pensor cells ( x 900). OshecJcia cupularis, Don. Fig. 37. The primary 
archesporium ( X 1800). Fig. 38. The archesporium having divided 
periclinally to form the primary parietal cell and the megaspore mother cell 
( X 1800), Fig. 39. Megaspore mother cell and three parietal cells ( X 900). 
Fig. 40. An young eight-nucleate embryo-sac ( X 900). Fig. 41. Linear 
tetrad in which the upper three megaspores have^ degenerated ( X 900). 
Fig. 42. Two-nucleate embryo-sac (X 900). Fig. 43. Four-nucleate 
embryo-sac (X 900). 


Ikf! 


i!i 


‘.'fB 






K. SUBMMANYAM 

MEGASPORANGItna AND MEGASPOROGENESIS 

The ovary is semi-inferior with a single short style and is covered 
by a persistent calyx. It is setose at the apex in 0. cwpularis 
and fringed with silky hairs or bristles at the apex in 0. Wightiana 
and 0. Mspidissima. It is small and has a filiform style in Jtf. iff eyne- 
anum. 

The ovary is pentalocnlar in L. coTdifolict and 0. Wightiana,, 
quadrilocular in 0. cupularis and 0. Uspidissima (Fig. 82), and 
monolocnlar in M. Eeyneanum (Figs. 68 and 74). The ovules are in- 
definite in number and arise on the slightly projecting axile placenta 
in all the plants, except in M. Eeyneanum where the ovary is mono- 
locular containing nine ovules arranged in a whorl on a free central 
placenta (Fig. 74). The ovules are anatropous and bitegumentary, 
their micropyles pointing towards the placental ridge (Figs. 10 
and 75). 

Each ovule takes its origin as a nucellar primordium and soon 
grows in size. The gradual development of the anatropous condition 
could be traced in all its stages. First, the inner integument is 
formed as an annular growth (Fig. 9). Very soon the outer integu- 
ment is also formed and simultaneously with this the ovule begins 
to curve. Now the two integuments grow on either side of the 
nucellus and finally grow even beyond it. The micropyle is thus 
formed by both the integuments. The portion of the micropyle 
formed by the outer integument is not in line with that formed by 
the inner integument. Thus the micropyle appears to be somewhat 
zigzag (Figs. 10 and 75). A similar condition is seen in the Lythra- 
cese ( Joshi and Venkateswarlu, 1925, 1936) and in the Sonneratiacese 
(Venkateswarlu, 1937). In all the plants studied both the integu- 
ments are two cells thick and consist of uniform cells, except in 
L. cordifolia where the outer integument is made up of three layers 
of cells (Fig. 10). At first both the integuments are two cells thick 
throughout their length. The inner integument remains so even 
in the mature ovule except near the micropyle, where some of the 
cells of its outer layer divide once and the integument becomes three 
cells thick. In the micropylar region the cells of the outer integu- 
ment also divide and form three to five layers of cells. In the 
Punicacese, Combretacese, and in one member of the Lythraceae, 
Guphea (Mauritzon, 1934), the outer integument is many-layered ; 
in the Lecythidacese and Ehizophoracese both the integuments are 
made up of many layers of cells (c/. Mauritzon, 1939). 

Simultaneous with the growth of the inner integument a single 
large hypodermal archesporial cell is differentiated as reported by 
Buys and Zeigler (1925). In 0. Wightiana the archesporium arises 
after the formation of the integuments (Fig. 52), while in the others 
the archesporium can be recognised even earlier at the time of the 
origin of the two integuments (Figs. 12, 37 and 76). 

In all the plants studied the usual condition is the development 
of a single archpsporial cell. In L. cordifolia, however, since double 
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megaspore mother cells, double linear tetrads, and double embryo- 
sacs were occasionally met with, it is probable that a multiple 
archesporium may also be present (Figs. 21, 23, 24 and 26). In the 
Lythracese (Joshi and Venkateswarlu, 1935, 1936) and in the 
Sonneratiace® (Venkateswarlu, 1937) the multiple archesporium 
appears to be the usual condition. Among the allied families, 
according to Schnarf (1929), a multiple archesporium has been 
described in the Ehizophoracese by Karsten (1891), hTyssace^ by 
Horne, and in a number of Onagraceae by Michealis, Schwemmle, 
Tackholm and Hakansson (Joshi and Venkateswarlu, 1936). Eecently 
Tiwary and Eao (1934), haye noted the occasional occurrence 
of a multicellular archesporium in GalUstemon linearis (Myrtacese). 

The archesporium can be recognised by its rich cytoplasm and 
prominent nucleus. It divides by a periclinal wall to form the 
primary parietal cell and the megaspore mother cell (Figs. 12 and 
38). The presence of a parietal cell is noted in all the families of 
the Myrtiflorese (o/. Mauritzon, 1939), except the Lecythidaceae 
(c/. Mauritzon, 1939). In all the plants studied by the writer the 
primary parietal cell undergoes further periclinal divisions and 
gives rise to a large parietal tissue (Figs. 13, 39, 53, 77 and 83) in 
which the epidermal cells do not participate. 

As a result of the formation of parietal cells, the megaspore 
mother cell becomes deep seated in the tissue of the nucellus. At 
the region where the chalazal vascular strand enters the ovule, a 
group of nucellar cells with rich cytoplasmic contents can be differ- 
entiated (Figs. 10 and 61) ; these cells resemble the hypostase 
tissue which is reported in the allied family, Onagracese (Johanson, 
1928), probably nutritive in function. The formation of the hypo- 
stase-like tissue takes place at different stages of development of the 
ovule. In JC. cordifoUa and 0. Wightiana they are seen to develop 
even at the megaspore mother cell stage whereas in 0. eupularis and 
0. hispidissima their development is belated ; and in if. Eeyneanum 
such a type of tissue is absent. The occurrence of the type of 
chalazal strand of elongated cells as reported in Punicaceae (1939), 
Myrtacese (1939), Lythraceae (1935, 1936) and Sonneratiaceae (1937), 
is absent in the Melastomacea©. 

The nucellus is nearly straight except for a small curvature at 
the chalaza. There are two to three layers of nucellar cells at the 
sides of the embryo-sac in all the plants except if. Eeyneanum 
where there are three to four layers of cells. The enlargement of 
the embryo-sac during its development is accompanied by the dis- 
organisation of the nucellus with the result that only a single layer 
of parietal tissue is left above the embryo-sac. But in if. Eeyneanum 
two such layers are present. 

In the course of its development, the megaspore mother cell 
enlarges in size. It undergoes the usual two divisions (Figs. 16, 16, 
39, 53, 77 and 83), and forms the linear tetrad of megaspores 
(Figs. 18, 41, 56, 78 and 84). In all the plants studied it is usually 
the^ chalazal megaspore that develops further. 
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free endosperm nuclei ( X 450). Fig. 49. Two-celled proembryo and free 
endosperm nuclei (x 450). Fig. 50. Four-celled proembryo ( X 900). 
Fig. 51. A very late embryo showing the two cotyledons and the stem tip 
in between, the cells of the embryo contain deeply staining particles ( X 400). 
Osbeckia wightiana, Benth Fig. 52. The primary archesporium (X 900) 
Fig. 53. Megaspore mother cell and parietal cells (X 900). Fig. 54. 
Division of Dyads to form the linear tetrad ( X 900). Fig. 55. Degenera- 
tion of megaspores in the linear tetrad (X 900). Fig. 56. Linear tetrad 
showing the enlarging chalazal megaspore (X 900). Fig. 57, TWo- 
nucleate embryo-sac (X 450). Fig. 58. Four-nucleate embryp-jsac 
(X 80). Fig. 59. Mature embryo-sac showing the egg apparatus and the 
secondary nucleus ( X 400). Fig. 45. The egg apparatus enlarged to 
show the apical vacuoles in the synergids ( x 900). Fig. 60. A late embryo 
with the basal cell enlarged ( X 180). Fig. 61, The chalazal portion of 
the ovule enlarged to show the nutritive tissue resembling the hypostase 
(X180). 
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Sometimes the third megaspore was also seen enlarging with the 
nsnal chalazal one in £. eordifoUa (Fig. 22), and in 0. Uspidissima 
both the micropylar and chalazal megaspores were found develop- 
ing together (Figs. 86 and 87). The significance of these features 
will he pointed out at the end of this paper. 

During the development of the chalazal megaspore two 
one at each pole begin to be formed. Later, when the two-iiucleate 
embryo-sac develops, a central vacuole also appears. At this stage, 
only one of the polar vacuoles, usually the chalazal one, persists and 
may be seen even when the four-nucleate embryo-sac is formed 
(Figs. 42, 43, 57, 58, 79, 80 and 88). A similar condition has been 
reported in the Lythracese (Joshi and Venkateswarlu, 1935-1936). 
With the exception of L. cordifoUa and AT. Heyneanum the embryo- 
sac is slightly bent at the four-nucleate stage in all the genera studied 
(Figs. 40, 58 and 89). 

In all the five plants the antipodals degenerate early as pre- 
viously noted by Buys (1924), Ziegler (1925) and Mellink (1880) in 
this family (Figs. 28 and 46). 

The mature embryo- sac is long and narrow in all the plants 
except X. cordifoUa in which it is oval (Figs. 29, 44, 59, 81 and 90). 
In ilf. Eeyneanum the mature embryo-sac is very long, bent and 
narrow at the central region (Fig. 81). The polar nuclei which are 
at first in either pole of the embryo-sac, meet in the centre. 

The egg apparatus consists of the usual two synergids and the 
egg. The tips of the synergids are slightly pointed and they begin 
to develop characteristic hooks from an early stage. Similar 
instances of hooked synergids have been reported amongst closely 
allied groups in the Lythracese (Mauritzon, 1934 ; Joshi and Yenka- 
teswarlu, 1935-1936) and the Myrtacese {GalUstemon linearis, Tiwary 
and Eao, 1934). 

In 0. WigJitiana the synergids show apical vacuoles (Fig. 45) 
similar to those in the Lythracese (Joshi and Yenkateswarlu, 1935-* 
1936). In discussing the importance of these vacuoles Joshi and 
Venkateswarlu (1936) state, ‘Hhat they take the place of the 





Figs. 62-Sl.—Meme<yylon Heyneanum, Benth. Fie- 
stage showing the initiation of the archesporium ( x 900' 
® bivalents ( x ? 800 )® 

second division ( x 1350) 

spores withm the microspore mother cell wall ( x 1350), 


>2. A very early 
Fig. 63. Meta- 
Parallel disposi- 
Fig. 65. Micro- 
g. 66, A portion 
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^ filiform apparatus ’ seen in other plants and serve probably the 
same function that of secreting chemotropically active 

substances which guide the pollen tube.’^ 

Double embryo-sacs have been seen in L. cordifolia. It is likely 
that they are derived from two megaspores belonging to different 
linear tetrads, for cases have been met with showing two megaspore 
mother cells, sometimes also three (Fig. 21), developing further into 
linear tetrads lying side by side (Figs. 23, 24 and 26). The develop- 
ment of the double embryo-sacs proceeds up to the four-nucleate 
stage after which one degenerates (Fig. 26). 

Fertilization 

During the present study the entire process of fertilization could 
not be followed in detail in all the plants, but the entry of the pollen 
tube was observed in 0. cupularis (Fig. 47). The pollen tube enters 
through the micropyle and crushes one of the synergids during its 
passage into the embryo- sac. 

Endosperm 

A free nuclear endosperm has been reported for a large number 
of plants of this family (Buys, 1924 and Ziegler, 1925). The primary 
endosperm nucleus divides before the first division of the fertilized 
egg and gives rise to free endosperm nuclei. The disposition of these 
nuclei is interesting f there is a definite accumulation of these nuclei 
in the chalazal and micropylar regions of the embryo-sac (Figs. 48, 
97 and 98) noted by Joshi and Yenkateswarlu (1935-1936) in the 
Lythracese. No walls are formed between these nuclei even in later 
stages ; the nuclear endosperm is later used up as such by the deve- 
loping embryo in the seed, which consequently becomes non-endo- 
spermic at maturity. 

Embryogeny 

In general the development of the embryo agrees with the 
Capsella-tj^e except in small details. In X. cordifolia the first 
division is transverse and a two-celled proembryo is formed. Later 

of the wall of the mature anther enlarged to show the epidermis, endothecium, 
middle layer and the tapetum ( X 180). Fig. 67.. A portion of the tape- 
turn enlarged ( X 900). Fig. 68. Longitudinal section of the monolocular 
ovary showing the two ovules attached on a free central placenta ( X 180). 
Fig. 69. Pollen mother cell in synizesis (X 1350). Fig. 70. Early stage 
in the germination of the pollen grain showing the three protoplasmic 
pellicles coming through the three germ pores ( X 900), Fig. 71. Germi- 
nation of the pollen tube through one of the germ pores ( X 900). Fig. 72, 
A well-developed pollen tube ( x 900). Fig. 73. Pollen mother cell in 
metaphase ( X 1350). Fig. 74. Transverse section of the monolocular 
ovary showing nine ovules arranged on a free central placenta ( x 16), 
Pig. 75, An anatropous ovule showing the megaspore mother cell, four 
parietal cells, two integuments and the zigzag micropyle (X 80). Fig. 76, 
The archesporium ( X 900). Fig. 77. Megaspore mother cell and three 
parietal cells ( X 900). Fig. 78. Linear tetrad ( X 450). Fig, 79. Two- 
nucleate embryo-sac ( X 180). Fig. 80. Four-nucleate embryo-sac (x 400). 
Pig. 81. Mature embryo-sac ( x 400). 
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the proembryo becomes filamentous (Figs. 30, 31). The terminal 
cell of this proembryo begins to assume a more or less spherical 
shape and divides into quadrants and then into octants. The four 
upper octants form the stem and cotyledons and the four basal ones 
the hypocotyl except its tip. In the octant stage the dermatogen 
is cut off by periclinal walls and the periblem and plerome are formed 
afterwards (Figs. 31, 32, 33, 34, 35 and 36). 

Just when ' the dermatogen is differentiated, two intersecting 
oblique walls are laid in the penultimate cell of the proembryo 
(Figs. 34 and 36). A small triangular cell is formed and this is 
called the hypophysis (Fig. 36) which differs from the usual type seen 
in Gapsella. The hypophysis then divides transversely to form two 
cells, the inner of which completes the periblem and the outer the 
dermatogen. The suspensor is three celled in the early stages, 
but later becomes four celled (Fig. 36). 

In 0. cupularis the cells of the old embryo contain large quan- 
tities of deeply staining reserve materials (Figs. 48, 49, 50 and 61). 

In 0. WigMiana the basal cell of the suspensor enlarges in size 
(Fig. 60). 

In 0. Uspidissima, the fertilized egg divides and forms a two- 
celled proembryo. Of these the cell towards the micropyle does not 
divide further (Figs. 91, 92). The development of embryo and other 
suspensor cells is due to the activity of the other cell which forms a 
filament. The terminal cell of this filament forms the embryo. In 
later stages further additions to the suspensor are made by inter- 
calary divisions of the cells of the suspensor (Figs. 93, 94, 95 and 96). 

In 0. Jiispidissima, one interesting case showing the develop- 
ment of two embryos in the same embryo-sac was met with during 
this investigation. In this the second embryo was disposed at right 
angles to the usual one at the micropylar end (Figs. 98, 99). In the 
absence of other stages the exact mode of origin of the second 
embryo cannot be dealt with now. Its orientation, however, 
suggests that it arises as a result of nucellar budding. 

It is interesting to note that poly embryony in the order Myrti- 
fior£8 has so far been known only in the Myrtacese (Tiwary, 1926). 

Further work on the Melastomaceae may yield interesting 
results. 

tetrad of megaspores before the degeneration of the upper megaspores 
fx 900^ Fig. 85. Degeneration of the first megaspore xn the hnear 
tetrad ( X 900b Figs. 86-87. Linear tetrad where the micropylar and 
chalazal megaspores show signs of enlargement ( X 900). Fig, 88, Two- 
nucleate embryo-sac with the three persisting degenerated nncropylar mega- 
cioores f X 900). Fig. 89. Pour-nucleate embryo-sac ( X 900). Fig. 90. 
Mature embryo-sac % 180). Fig. 91. Two-celled proembryo (X 900). 
Fig. 92. Two-celled proembryo in which the b^m ceU has enlarged 
( X^900). Fig. 93. Three-celled proembryo (x 900). Pig. 94. Iwo- 
Lued embryo (x 900). Figs. 95-96. ^ ^o stages of late embryos 
I X 900\. Fi®*. O'/* Embryo with accumulations of free endosperm nuclei 
in the micropylar and chalazal regions of the embryo-sac ( x 80). JBigs. 
98-90, Two embryos in the same embryo-sac (x 900), 
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Discussion and Conclusions 



The position of the family according to the different systems of 
classification has already been pointed out in the introductory part 
of this paper. The present study shows that there is very little 
justification for splitting the order Myrtiflorse of Engler and Prantl 
into the two orders Lythrales and Myrtales as proposed by Hutchin- 
son. 

In the structure of the integuments and in the formation of the 
micropyle, the condition met with in the Melastomacese recalls very 
strongly the features in the Lythracese (c/. Mauritzon, Joshi and 
Yenkateswarlu, 1935-1936). But the chalazal strand which is very 
characteristically seen in the Lythraceae is conspicuously absent in 
the Melastomacese. On the other hand, the chalazal region of the 
ovule is here characterised by the presence of a large nutritive tissue 
resembling the hypostase which is a distinctive feature of the Onagra- 
cese. In the formation of the parietal cell, as well as in the 
development of a large parietal tissue, the families Lythraceae 
and Melastomaceae appear to agree closely. The archesporium is 
made up of a single cell, but from indirect evidence of double linear 
tetrads and double embryo-sacs, it is surmised that it may occasion- 
ally consist of more cells. A multiple archesporium is described 
in the case of Lythraceae (Joshi and Yenkateswarlu, 1935-36). 

Attention may be directed to the fact that occasionally a second 
megaspore may also survive for a period, along with the usual 
chalazal megaspore. The enlargement of the first and third mega- 
spores in addition to the chalazal megaspore has been observed in 
L. eordifolia and 0. Mspidissima. Similar instances have been 
recorded by Joshi and Yenkateswarlu in Lawsonia inermis ; 
and in Miconia and in Memecylon ensiformishj Euys. In Mioonia and 
Memecylon Euys noticed that the development of the micropylar 
megaspore was the usual feature. It may be mentioned in this 
connection that in the case of the Onagracese the micropylar mega- 
spore is invariably the surviving one. It is probable, that the beha- 
viour of the megaspores in the Melastomacese offers some indication 
of the gradual domination attained by the micropylar megaspore in 
reaching the condition seen in the Onagracese. 

The development of the embryo-sac indicates some important 
features which seem to throw some light on the probable affinities 
of the Melastomace^e. The development of a chalazal vacuole in the 
young embryo-sac bears a striking resemblance to a similar condi- 
tion found in the Lythracefe. The synergids are not only hooked 
as described in the case of Lythracese (1936), but appear to be some- 
times characterised by the formation of apical vacuoles. Further, 
the early degeneration of the antipodals seems to be a very 
characteristic feature. Joshi and Yenkateswarlu state that, “ These 
points. , . .have been regarded by Tischler and Mauritzon to indicate 
that the embryo-sac of the Lythraceae forms phylogenetically an 
intermediate stage between the four-nucleate embryo-sac of the 
Onagracege and the normal eight-nucleate embryo-sac.’’ 
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The endosperm develops according to the free nuclear type in 
the other families of this order. The accumulation of endosperm 
nuclei which is seen in the Ly thracese is also met with in Melastoma- 
cese. The one important difference between the endosperm in the 
Melastomacese and that in the Lythraceae is that in the former walls 
are not seen at any stage during the development of the seed, whereas 
in the latter, a loose endosperm tissue is present. In this connection 
it may be noted that among the Oenotheraceae sometimes as in 
Lopezia eoronaia (Tackholm), there is no wall formation. 

The development of the embryo is similar to that in the 
Lythrace® and follows the OapseZZa-type except for certain minor 
details. 

Lastly regarding Polyembryony it may be mentioned that 
Myrtace® is the only other family of the order Myrtiflora® in 
which the development of additional embryos has so far been 
reported. 

Summing up the embryological features of the Melastomace® 
and comparing them with those of the Lythrace®, there seems to 
be hardly any ground for splitting the cohort Myrtiflor® of Engler 
and Gilg (1924) and others into the two orders Myrtales and 
Lythrales as suggested by Hutchinson (1926).^ Joshi (1939) has 
already remarked that the Lythrace® and the allied families appear 
to be so closely related to one another that it is better for the 
present to keep the several families of the Lythrales (Hutchinson) 
along with those of the Myrtales (Hutchinson). 

Summary 

1 A detailed account of the gametogenesis and embryogeny .of 
some members of the Melastomacem, viz., Leandra cordifoUa Oogn., 
Osbeclcia cupularis Don., 0. WigMiana'BQJxth.,^ 0. liispidiss%ma Wt., 
and Memecylon Eeyneanum Benth., is given in the paper. 

2. The chromosome numbers for M- Eeyneanum and L* 
cordifoUa have been determined for the first time. They are seven 
and twenty-three respectively. 

3. The ovules are bitegumentary and the outline of the micro- 
pyle is somewhat zigzag. 

4. Double embryo-sacs have been noted in L. cordifoUa thereby 
suo'cresting the occurrence of a multiple archesporium. ^ However, 
occurrence of a single archesporium is the usual condition m this 
family. 

5. The hypodermal archesporium cuts ofi a parietal cell which 
next gives rise to a parietal tissue. 

6. Variations are seen in the order of degeneration of the 
megaspores in the linear tetrad. 

7. The chalazal megaspore usually enlarges and develops into 
the embryo-sac, but in L. cordifoUa and 0. hispidissima variations 
are met with and more than one megaspore may enlarge for a time. 
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8. Development 01 the embryo-sac conforms to the normal- 
type. The antipodals degenerate early in all the forms ; in 0. eupu- 
laris^ they persist till the egg apparatus is organised: 

9. The synergids are hooked. An apical vacuole is also present 
in 0. WigMiana. 

10. Entry of the pollen tube through the micropyle has been 
observed in 0. 

11. The endosperm is nuclear. Accumulation of endosperm 
nuclei in the chalazal and micropylar regions takes place during 
development. 

12. Development of the embryo proceeds according to the 
GapsellaAjij^e. 

13. A new type of development of the hypophysis is observed 
in L, cordifolia, A triangular cell is cut off and this functions as 
hypophysis. 

14. Two embryos in the same embryo-sac have been noted in ^ 

0. Mspidissima, 
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THE IDENTITY OF PUNARNABA* 

By H. L. Chakra vaety, M.Sc. . 

Beparimeni of Botany, Presidency College, Calcutta 
(Communicated by Q. P. Majumdar) 

Eeoeived for publication on May 21, 1841 

Theee is a state of confusion as to the real identity of the Ayurvedic 
drug ‘ Punarnaha’ particularly Swet Punarnaba, so widely reputed 
as a specific for dropsy, beriberi, ascites and the allied diseases, hence 
also goes by the name of “Sothaghni” in Sanskrit. In the local 
markets in Bengal one’j' THanthema Portulacastrum Linn., a plant of 
the Family Fiooideac is extensively sold by the herbalists. This plant 
is prescribed by the Kavirajes as Swet Punarnaba. But in almost 
all works on Indian Pharmacopea and Medicinal Plant including. 
Col. Chopra’s Indigenous Drugs of India, Kirtikar and Bose’s publi- 
cation of Indian Medicinal Plants, Dymock’s Pharmacographia 
indica. Watt’s Dictionary of the Economic Products of India, 
Anislie, Bently and Trimen and others, Boerhaavia (Fam. Nyctagina- 
cese) has been identified with Punarnaba. Boerhaavia repens Linn. 
(B. diffnsa Linn.) has been described by many as the Punarnaba of 
Ayurveda, placing in support the explanation that there are two 
varieties of this species, one bearing white fiower (Swet Punarnaba) 
and the other with red flower (Eakta Punarnaba). But this being an 
indigenous medicinal plant originally described in Sanskirt, one 
must give prominence on the Ayurvedic description of the drug in 
order to search for the real plant. In the original description of the 
plant as given in Banaiisadhi Darpan it is mentioned along with 
other characters that “ Swet Punarnaba” bears white flowers, but 
unfortunately however, none of the species of Boerhaavia occurring 
in India have been mentioned in any book on Indian Systematic 
Botany to possess white flowers, they are either pinkish or reddish 
in colour hence the confusion. Trianthema ForMacastrmn Linn, 
may therefore be the real “ Swet Punarnaba ” as its characters 
ac^ree with the Sanskirt description and moreover it is used as 
such throughout India by the Ayurvedic practitioners and is 
known from time immemorial as the “ Swet Punarnaba ” in every 
Hindu house of India. It has, therefore, become imperative to 
make a side by side chemical study of the two plants in order to 
find out the active alkaloidal principle “ Punarnavine ”• It may 
be mentioned here with regret that sometimes it has so happened 
that Trianthema has been chemically analysed under the wrong 
name of Boerhaavia with a misconceived idea derived from the 

» Bead before the Botanical Society of Bengal on 28th April 1839. 

■)■ Trianthema Portulacastum Linn. = Trianthema monogyna Linn. 

8 ^ ^ 
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literature that BoerJiaavia diffusa is the real Swet Punarnaha of 
commerce and hence often the scientific identification of the drug is 
considered unnecessary. It is interesting to note that a herbalist in 
Calcutta will always supply Trianthema instead of BoerJiaavia when 
asked for Punarnaha. Samples of Punarnaha have been collected 
from several well-known drug manufacturing firms of Calcutta, and 
on botanical identification they have been found to be Trianthema 
FomlaGastrtm. The author has also collected genuine specimens of 
both the red and white varieties of Trianthema Fortulaeastrum and 
of Boerhaavia repens and their chemical and pharmacological investi- 
gations have been kindly taken up at the Calcutta School of 
Tropical Medicine. The research results of the analyses has been 
published in the Indian Journal of Medical Research by Col. E. 1:^. 
Chopra, N. E. Chatterjee, and S. Ghosh, 2nd October, 1940. 

For convenience of the readers in general, an English transla- 
tion of the original Sanskrit description of the plant together with 
generic and specific descriptions of Boerhaavia and Trianthema is 
given below to facilitate the real diagnosis of these plants. 

TRA^^SLATION OF SANSKRIT DESCRIPTION 


White Punarnaha, diffuse annual with branches and stems. 
It germinates at the first shower of rain, grows and is adorned with 
flowers and fruits during the rainy season. Therefore it is difficult 
to procure it in other seasons. If not attacked by other pests it may 
grow up to 3 or 4 yards. The leaves of the white Punarnaha is almost 
round, soft and fleshy. The tender branches are covered with short 
hairs. Its flowers are white. The seeds are like those of Amarantus. 
The ^^Eakta Punarnaha’ ’ does not dry or die up after the fruits are 
ripe. Even though the stem may dry up the root remains under the 
soil and gives rise to new plants at the advent of rains. There- 
fore the real name of Punarnaha is justified by Eakta Punarnaha. 
Its leaves, stem and flowers are red. Its leaves are not so thick 
as those of Swet Punarnaha, not round rather oblong. 

Generic Characters of Boerhaavia Linn. 

(Fam. FTyctaginace^) 

Erect or diffuse often divaricately branched herbs. Leaves 
opposite, often in uneq[ual pairs ; flowers small reddish or pinkish, 
paniculate, umbellate or subcapitate articulated in the pedicel ; 
bracteoles small, often deciduous, rarely whorled or involucrate. 
Perianth tube long or short, ovoid below narrowed above the ovary; 
limb funnel-shaped with 5-iobed margin, the lobes plicate; stamens 
lor 2-5, connate below, exerted; filaments capillary, unequal; 
ovary oblique, stlpitate ; ovule erect ; stigma peltate. Fruit 
enclosed in^the ovoid turbinate or clavate, obtuse of truncate 
perianth tube, round, 5-ribbed or 5-angled, visoidly giandular ; 
seeds with adherent testa ; embryo hooked ; cotyledons thin, 
broad ; the outer larger^ enclosing a soft scanty albumen, 
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Boeuhaavia EEPEisfS Linn. (Specific Description) 

A diffuse herb ; root large, fusiform ; stem prostrate or ascend- 
ing, reaching 2~3 ft. in length, divaricately branched, slender, 
cylindric, thickened at the nodes, minutely pubescent or nearly 
glabrous, often purplish. Leaves at each node in unequal pairs, 
the larger 1-1 1"', the smaller J-f" long, both nearly as broad as 
long, broadly ovate or suborbicuiate, rounded at the apex, green 
and glabrous above, usually white minute scales beneath, the 
margins entire, often coloured pink, somewhat undulate, base 
rounded or subcordate, petiole nearly as long as the blade, slender. 
Flowers very small, shortly stalked or nearly sessile, 4-10 
together in small umbells, arranged in long stalked corymbose, 
axillary or terminal panicles, bracteoles small, lanceolate, acute. 
Perianth long, ovarial part of the tube 1/20" long, contracted 
above the ovary, glandular viscid ; limb funnel-shaped, dark pink, 
with 5 narrow vertical bands outside. Stamens 2-3 slightly 
exerted. Fruit | " long, clavate rounded, broadly and bluntly 5- 
ribbed, very glandular (Fig. 1). 

Generic Character of Trianthema (Fam. FicoiBiE) 

Diffuse prostrate, branched herbs, glabrous, ^ pubescent or 
papillose, leaves petiolate opposite, unequal, linear, ovate or 
obovate, quite entire ; stipuleso, but the petiole dilated with mem- 
branous stipuli form margins. Blowers axillary, sessile or 
peduncled, solitary, cynaose or panicled. Calyx tube short or long *, 
lobes 5 coloured within mucronate at the back. Petioles O. 
Stamens 5-10 or many, inserted near the top of the calyx-tube. 
Ovary free, sessile 1-2-celled, often truncate at the apex ; ovules 
1-a, basal; style 1 or 2. Capsule membranous below with a hard 
thick cap which is detached by a circumscissile dehiscence and 
carries away one or more seeds, 1-2-celled. Seeds 1-a, subreni- 
form ; embryo annular. 

Trianthema Portulacastrxjm Linn. (Specific Description) 

A prostrate somewhat succulent herb ; stem more or less angular, 
glabrous or pubiscent, much branched. Leaves sub -fleshy, Obli- 
quely opposite unequal, the upper one of the pair larger f—lF by 
i-lj" the lower |— J by J-f" broadly obovate, rounded and often 
apiculate at the apex, cuneate at the base, glabrous ; petioles J-i" 
lon<^ much dilated and membranous at the base, especially those of 
tlm smaller leaves in which the membranous enlargement forms 
triangular pouch. Flowers solitary, sessile, almost concealed by the 
pouch of the petiole. Calyx lobes ovate, acute white, stamens 
10-20 Ovary obliquely truncate ; style 1. Capsule miall, almost 
conceiled in the petiolar pouch, lid truncate, slightly concealed, 
with 2-spreading teeth, carrying away at least 1 seed, the lower 
part 2"5 seeded. Seeds reniform, muriculate, dark black (Fig. 2). 
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There is another, rather rare, red variety of TriantJiema 
Portulacastrum which is sold in the market as Eakta Piiiiarnaba. It 
differs from the species in having a reddish texture of the whole'- 
plant throughout with red margins of the leaves. It is difficult to 
say at this stage whether Eakta Punarnaba is Boerliaavia repens or 
the Trianthema Portulaeastrum var. rubra. The result of the 
investigation of these plants will be published laker on. Eakta 
Punarnaba is however very rarely used in medicine. 

00MPAU4TIVE BESCKIPTIOK 


Boerliaavia repens Linn. ' 
(E. diffusa L.) 

(1) A diffuse non-succulent herb, 
branches extending laterally 
to a considerable length from 
a common- stock, sometimes 
runs upto several yards, often 
found growing upon old and 
broken walls with long bran- 
ches hanging downwards. 

(2) Colour-reddish green 

(3) Eoot-large, fusiform 

(4) Stem — prostrate or ascending 
or descending 2-3 ft., long 
divaricately branched, slender, 
cylindric, thickened at the 
nodes, often purplish. 

(5) Leaves in each node in un- 
equal pairs the larger 

the smaller long both 

nearly as broad as long, broadly 
ovate or suborbicular, rounded 
at the apex, green and glabrous 
above, usually white minute 
scales beneath the margin, 
entire, often coloured pink, 
somewhat undulate base 
rounded or subcordate. 

(6) Petioles nearly as long as the 
blade, slender. 


(7) Flowers very small, shortly- 
stalked or nearly sessile, 4-10 
together in small umbells 

arranged in slender long- 

stalked 


TriantJiema Portulacastrum Linn. 

{T. monogyna L.) 

(1) A rather small prostrate or 
semi- erect somewhat succu- 
lent herb, generally not grow- 
ing beyond 2 ft. 


(2) Colour-light green 

(3) Eoot-small, not fusiform 

(4) Stem-more or less angular 
glabrous or pubescent, much 
branched |-1 ft. long. 


(5) Leaves sub-fleshy oblique 
opposite, unequal, the upper 
one of the pair the larger 
|-l|''by i-li", the lower f-i" 
by i-f", broadly obovate, 
rounded and often apiculate 
at the apex, cuneate at the 
base, glabrous. 


(6) Petiole, long, much 

dilated and membranous at 
the base, especially those of 
the smaller leaves in which 
the membranous enlargement 
forms a triangular pouch. 

(7) Flowers solitary axillary, 
sessile, almost concealed by 
the pouch of the petiole, 
colour white. 
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Boerliaavia repens Linn. Trianthema Bortulaeastrum Linn. 

(J5. diffusa L.) (T. monogyna L.) 

(8) Bracteoles small lanceolate, (8) Bracteoles absent, 
acute. 

(9) Periantb (calyx and corolla (9) Calyx tube (petals absent) 

indistingnisbable) long witti 5 lobes, lobes ovate 

witli 5 lobed margin, lobes acute, white, 

plicate, ovarial part of the 
perianth tube 1/20" long, con- 
tracted above the ovary, glan- 
dular viscid ; limb, ^ funnel- 
shaped, dark pink, with fine 
narrow vertical bands outside. 

(10) Stamens 2 or 3, slightly (10) Stamens 10-20. 
exerted. 

(11) Bruit indehicent -J" long, cla- (11) Fruit smooth circuni- 

vate, 5-ribbed, viscidly glan- scessile, dehiscent small 

dular, one-seeded nut, seeds almost concealed in the 

angled. PO^icli of the petiole, 

lid truncate non-glandular 
slightly concave, with spread- 
ing teeth, carrying away 
at least one seed, the lower 
part 3-‘5-*-seeded, seeds 
reniform, muriculate dull 
black. 

red variety is rather a stouter plant with reddish texture 
of the stem and with red leaves and flowers. 

Eahitat, The distribution of both Boerliaavia and Trianthema 

is identical over India, Burma and Ceylon. 

Summaet and Conclusion 

Three different types of plants, Boerliaavia repens,^ Trian- 
thema Portulacastrmi {T. monogyna) red and white vanetaes, are 
beUeved to be the Punarnaba of Ayurvedic practitioners. But as a 
matter of fact the Swet Punarnaba, which is more widely used all 
over India and which is considered more efficacious, identifies itself 
with Trianthema PoHulacastrum, white variety. The white Punar- 
naba iuSesTs identity more clearly (Chopra, Ind. Drug. Ind , 
n 300i by the presence of white flowers, apart from othw parts 
1 Jhitish In these species only Trianthema Portula- 

bearTthe Ihite flowVs. This species is 
t rterefore the Swet Punarnaba of Ayurveda. The 

pmataala as diftased annuals rticli are 
cLcscrip i^nd bear white and round leaves and 

feeds\ke t?ose of amarantus coincides with the description of 
Trt JSmf (White variety) and recedes away from the characters 
repenB. BoUaavia repens, on the other hand, is 


(9) Calyx tube (petals absent) 
with 5 lobes, lobes ovate 
acute, white. 
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a perennial plant and it rejuvenates by its underground tap-root. 
It is rather a stiff red-stemmed spreading plant which finds a very 
suitable abode on broken walls hanging sometimes several yards 
downwards, or when grown over plane surface spreads all 
around. The characters of Boerhaavia repens closely tally with the 
Ayurvedic description of Safcffl PMwarwa&ffl (Kaviraj B. Kavyatirtha, 
p. 431-36), as it possesses red flowers, red stem and perennial root 
stock. 

On chemical analysis of the three types of specimens supplied 
by the writer, Chopra, Chatterjee and Ghosh (1940) have found that 
the alkaloidal principle ‘ Punarnavine ’ is present in all of them in 
variable proportions. The percentage of this alkaloid is more in 
proportion in the red variety of Trianthema than either in Boerhaavia 
or in the white variety of Trianthema ; the percentage of the salt 
potassium nitrate is also found to be more in proportion in Trian- 
thema, red variety, than in Boerhaavia or Trianthema white variety. 
As potassium nitrate is supposed to be partly responsible for the 
discharge of aquatic fluid from the body of a patient suffering from 
beri-beri, ascites, dropsy and the like diseases, it will be worth in- 
vestigation if the red variety of Trianthema is more efficacious in 
the diseases mentioned above. 

In conclusion I beg to express my thanks to Bt.-Col. E. B. 
Chopra, Director, School of Tropical Medicine, for the kind interest 
he has taken in this work. 
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Introduction 

Studies of fibres of technological importance have relatively rarely 
been carried out from the botanical standpoint so as to include 
detailed examination of their distribution, structure and develop- 
ment Apart from the extremely thorough investigation of Linum 
bv Tammes (1907), carried out as a preliminary to genetic studies 
on this plant, a certain number of workers have published papers, 
restricted usually to certain features of development or structure, 
these papers are referred to subsequently as they beccroe relevant 
to the discussion, after the present notes upon two Indian fibre 
plants, and CoTchoTus, ar© placed upon record. 
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In connection with the botanical study, a more intimate study 
of the cell wall by various physical methods was carried out in 
collaboration with Dr. E. D. Preston (Kundu and Preston, 1940). 


Matebial and Methods 


Por the developmental studies plants were grown in Leeds 
under glass and in the open, and we have also to thank the Eegius 
Keeper of the Eoyal Botanic Garden, Edinburgh, for his kindness 
in growing plants of various species from seeds from India. Plants 
of Corchorus oUtorius L. were also received from the Director of the 
Eoyal Botanic Gardens, Kew. This English grown material was of 
particular value for the developmental studies, in which growing 
points and young internodes were fixed in formalin alcohol and other 
fixatives for subsequent embedding and microtoming, but observa- 
tions on adult plants were also checked on well- grown material 
from India, sent to England after preservation. Various methods 
were employed to macerate tissues for the study of whole fibres but 
maceration in chromic acid (5% and weaker solutions), or retting 
in water, were found to give the most satisfactory results. For 
many stages of wall development, fresh material alone can be used 
and in this case sections were cut by hand and mounted immediately 
in the various reagents. 


Morphology 


Cannabis saliva L. is an erect, branched plant normally 4 to 
5 feet in height and with a well-developed tap root system. Above 
the epigeous cotyledons, the leaves are arranged in a decussate 
phyllotaxis ; up the plant the size and complexity of the leaves and 
the internodal lengths increase until the longest internode, about 
18 cm. long is reached about halfway up the stem, this has asso- 
ciated with it the largest leaves, which are stipulate and palmately 
compound with six or seven leaflets. Above this level the size of the 
parts falls off again towards the inflorescence. The plants are 
dicEcious, bearing inflorescences in the axils of the upper leaves. The 
two types of plant cannot be distinguished before flowering, but the 
staminate are ultimately smaller and die after shedding the pollen, 
whilst the carpellate plants persist until the fruits are mature. 

Corchorus includes the two species C. olitorius L. and C. capsu- 
laris L., which are very similar structurally and mainly distinguished 
by the form of the capsules (Fig. 1). Though both species supply 
the jute of commerce, C. capsularis is generally regarded as superior 
and wherever possible is grown in preference to 0 . olitorius, though 
Watt (1908) remarks that some forms of 0. olitorius yield as much 
fibre and fetch as high prices as 0 . capsularis* 

<7. olitorius is an annual herb, with a relatively long growing 
season, maturing in September or October. It is indigenous in 
many parts of India and, though found mainly in Bengal, it has 
become acclimatised in many parts of India and Burma and occurs 
as a weed of cultivation. In India it is found on high and dry land. 
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0. capsularis requires inundation and also tas a shorter period of 
growth, naaturing in July. 



Pig. 1. Capsules of {a) Corchorus capsularis; (b) C. olUoritis; (c) leaf 
of C. olitorius ( x 2/3). 

For the present investigation on Corchorus, the material has 
been mainly of 0. olitorius. Under normal conditions the plants 
are 6 to 10 feet in height, though the specimens received from 
India were between 4 and 6 feet and those from Kew only 3 feet. 
It may attain a height of 14 to 16 feet when cultivated carefully 
with suitable manures. The Indian plants were only branched in 
the inflorescence region. The leaves are arranged in a spiral 
phyllotaxiS, which probably varies from 2/5 to f according to 
the vigour of the individual plants. Each leaf is simple and 
stipulate and two characteristic attenuated outgrowths are deve- 
loped from the base of the lamina (Pig. 1). A considerable 
number of leaves develop on the plant and the internodes are 
short, averaging 3 to 8 cm. ; there is no uniform increase in 
internodal length to a maximum as in Cannabis, longer and shorter 
internodes occurring somewhat irregularly. 

■ General Anatomy and Db'VTjlopment 
Cannabis 

The general distribution of the tissues may be considered in 
a transverse section of the first internode that has just completed 
extension. The two most important ribs are present over the 
median trace bundles of the pair of leaves inserted at the node 
immediately above, at right angles to these are two broader 
flanks with three smaller I'ibs, which overlie the lateral bundles of 
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the 3-biindle traces from the pair of leaves above and the median 
strands of the leaves of the next higher pair. The six bundles from 
the pair of leaves immediately above may be recognised by the 
greater proportion of protoxylem and their greater isolation by ray 
tissue from the synthetic bundles composed of united trace bundles 
from still higher leaves. In the cambial region the bundles are 
united into a continuous ring (Fig. 2). 


Median trace bundle of 
om of second pair of leaves . 




Trace of one of 
first pair of leaves ■ 





N! 


Cotlenchyma - 








Fig. 2. Cannabis, Transverse section of the first adult internode 
( X 30). 

Beneatli the epidermis the cortex consists of one to two layers 
of chlorenchyma with thickened tangential walls, followed by well- 
developed collenchyma in the ridges and chlorenchyma in the 
grooves ; it is bounded internally by the starch sheath. Immediately 
within the starch sheath the outermost groups of fibres are seen 
associated with the bundles ; at this stage the fibres are thin- 
walled, angular in outline and have protoplasmic contents and con- 
spicuous nuclei. The phloem contains a few large mucilage cells 
and these undergo extreme development in the region of the inflores- 
cence. The pith is large and may become hollow. 

The basal regions of older plants become very woody and with 
the continued radial growth the ridges tend to become less conspi- 
cuous. The phloem consists of pyramidal wedges which taper out- 
wards ; each wedge consists of about eight to eleven patches of 
fibres alternating with groups of thin-walled phloem (Fig. 3). The 
outermost and earliest formed groups are separated from the 
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fibre- containing phloem formed later by a few layers of paren- 
chyma cells. 




Fig. 3. Cannabis, Transverse section of the fibre region of an old, 
internode ( x 130). 

A phellogen arises immediately outside the collenchyma in the 
ridges and in the sub-epidermal layer in the grooves. 

The cells which give rise to the outermost fibres are determined 
close behind the shoot apex and the tracing of their origin necessi- 
tates an examination of development at the shoot apex. This has 
been followed in serial transverse sections 10 ja in thickness. 

In the axis below the fourth pair of primordia the prodesmogen 
is already interrupted by primary rays to form a ring of strands. It 
is in the strands connected with this pair that the first protophloem 
was recognised in the axis ; in sections of fresh material the walls of 
these elements appear swollen and highly refractive the stage 
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of Leger (1897) and the contents are seen to be degenerating, whilst 
in stained sections the walls show marked affinity for fast green. 
The first phloem elements are differentiated within two or three 
cells (Fig. 4), sometimes even next to, the layer of larger and more 
vacuolated cells of the future starch sheath. The first appearance 
of protophloem elements is followed by differentiation of others in a 
centripetal direction, ‘whilst the surrounding cells of the prodesmogen 
strand remain in a relatively meristematic condition. Protophloem 
differentiation proceeds in this way down to the level of insertion 
of the seventh pair of primordia ; these phloem elements have been 
derived entirely from ceils of the prodesmogen strand, which are 
elongated meristematic cells which divide most frequently by trans- 
verse walls, but occasionally also by longitudinal walls in any plane, 
so that the cells assume no characteristic seriation in transverse 
sections ; in this paper elements differentiated from prodesmogen 
cells are described as primary, so that, down to the level of insertion 
of the seventh pair or primordia, the protophloem differentiated is 
primary. The phloem added subsequently is secondary since it is 
differentiated from cells in radial alignment, which have been cut 
off from the cambium by the characteristic longitudinal tangential 
divisions. 

Starch 
sheath 

”Nacr4e" 
cell 


Fig. 4. CanncHns. Transverse section of part of young internode 
shoTving the position of the first “ nacree ” cells in relation to the starch 
sheath ( X 420). 

COEOHORUS 

In CoTchoTus th.6 leaves are inserted singly and each insertion 
on a young stem occupies more than haK the periphery (Mg. 5). 
The three most conspicuous ridges, in the internode which is 
growing in extension, overUe the three bundles of the trace of 
the leaf immediately above. As the leaves follow one another 
in a right-handed spiral up the stem, the anodic margin (that towards 
which the spiral is rising) of the older leaf overlaps the cathodic 
margin of the next younger leaf, so the other two ridges overlie the 
median and the anodic lateral bundles of the trace of the leaf 
inserted at the second node above the level of sectioning. By the. 
first adult internode the bundles are all linked into a continuous 
ring in the cambial region. The cortex consists of a sub-epidermal 
layer of chlorenchyma, within which will be found on any radius, 
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tAree to six cells of collenchyma and four to scTen cells of paren- 
cliyma. The three innermost layers of parenchyma contain starch 
so that the innermost is not clearly defined as the starch sheath. 
Conspicuous mucilage cells occur in the cortical and pith parenchyma. 
Immediately within the starch sheath occur the fibres, arranged in 
groups of twelve to twenty-five and extending over a radial depth 
of five to seven cells ; the groups are separated from one another 
by parenchymatous rays of one or more cells in width. In this first 
adult internode the fibres are angular in outline and most of them 
have protoplasmic contents. To the inner side the outermost fibre 
groups abut directly upon later developed prosenchymatous 
phloem without any intervening parenchyma such as is present in 
Cannabis. 


Fig. 5. Corchoriis olUorius. Transverse s sc tion of a young internode. 
The dotted lines indicate the regions associated with successive leaf -trace 
systems ( X 75). 

In older stems a woody ring is developed and the pith may 
become hollow. The phloem consists of tapering wedges and, as in 
Cannabis^ the wedges consist of groups of fibres alternatirig with 
typical phloenit No phellogen activity occurs. 
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Examination of the shoot apex of a vigorous plant of Gorchorus, 
by means of serial transverse sections, showed the first differentiation 
of protophloem and protoxylem in the third youngest primordium. 
A striking feature of development in this plant is the very early 
appearance of cambial activity ; at the level of insertion of the third 
youngest primordium, the central cells . of the axis are beginning to 
vacuolate, whilst surrounded by a ring of more meristematic cells 
that would normally be described as a meristem ring (Helm, 1931), 
or a prodesmogen ring (Gr4goire, 1935). But already at this level 
the ring is interrupted by rays which are generally uniseriate and, 
both rays and meristem have the unusual feature that the cells 
already show definite radial alignment. The more compressible 
meristematic cells show this alignment less clearly as, towards the 
outside, longitudinal divisions are already appearing in other planes 
m connection with phloem differentiation. The cells of the so-called 
prodesmogen ring thus appear to have divided almost entirely by 
tangential longitudinal walls (Fig. 6) so that from the outset it 
appears to be a cambial tissue and, according to the usage of the 
terms in this paper, should be described as secondavy. This view of 

transverse view, is supported even more 
strikingly by the longitudinal view (Fig. 7). It is in this radially 
seriated tissue that the first protophloem differentiation takes place 
so that the earnest protophioem is also secondary, but as usual the 
mother cell of the sieve tube undergoes a few longitudinal divisions 
before the actual differentiation of the sieve tube, these divisions 
make the radial seriation rather more difficult to see, but in the 
rays it persists right out to the starch-sheath (Fig. 6 b). 




Transverse section of nart of •vonna 
internode showing evidence of radial aliCTnient of young 

ring, (a) is an earlier stage than (6) ( x 42or ^ ^ meristem 


Fibre Development 

Origin and early development during extension of the internode. 
o nJ? the prodesmogen tissue and in Gorchor'us the 

of the strand the first protophioem menstematic cells 

within the starch sheatl sometimes ini 
it. Ih, c»ly 


I 


ANATOMY OF CANNABIS AND COECHOEUS 


101 






Fig. 7. Corchorua olitorius* Longitudinal section of shoot apex 
( X 55) to show the positions of the meristenxatic tissues in the inset figures 
(a), (b) and (c) (x 280). 


of the cells of the strand and it is to the remaining cells of the strand 
that the origin of the first-formed and outermost fibres may be 
traced. In Cannabis below the seyenth pair of primordia the future 
fibres begin to yacuolate and become more rounded in section, 
with the consequent development of small intercellular spaces be- 
1 tween them. At this stage the first-formed and outer sieve tubes 

^ are much extended and are collapsing whilst the expanding cells 

around are also tending to crush them, so that they are gradually 
obliterated ; for a time their former presence may be recognised as 
what appear to be thickened and deeper stained spots between the 
cells, but eventually all trace of them is lost. During this stage, 
longitudinal sections show that the cells amongst the collapsing sieve 
tubes are elongating with the growth in length of the internode, and 
all stages from elongating procambial cells to the typical fibres may 
be followed, leaving no doubt that fibres originate from the proto- 
phloem tissue, as described for a number of plants by L^ger (1897). 

Soon after they begin to elongate the young fibre cells become 
slightly eollenchymatous in appearance, the walls being slightly 
, more thickened and more refractive where they border upon inter- 

cellular spaces j this condition is never conspicuously developed, but 
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may persist for some time. A similar, rather transient, slightly 
collenchymatous stage was described by L4ger for a number of diff- 
erent plants, so that it probably represents a general phase of 
deyelopment of sclerenchymatons fibres. 

This stage however differs from the typical collenchyma of 
the cortex in the fact that, though cellulose reactions are obtained 
very easily, pectin reactions are not marked ; like the typical collen- 
chyma the walls are evidently swollen and the thickenings show 
well in sections of fresh material in water, but are much less evident 
after dehydration. 

During the phase of rapid extension the young fibres show 
increase in girth and remain rounded in section (Fig. 3). They have 
abundant protoplasmic contents and several nuclei (PL VII, Fig. 3). ' 
The walls are thin but in macerated material the longitudinal walls 
have localised thicker regions, which are also more refractive and 
are probably related to the collenchymatous appearance seen in 
cross section. 



Fig. Cannabis. Transverse section showing young fibres develon- 
ing in rapidly elongating internode. Note the rounLd outline and the 
presence of intercellul^ spaces. In a few of the fibres the prXpCm is 
reduced to a thin panetal layer (x 665 ). ' pi-ouopiasm is 


As the mternodes complete their extension the outermost 
fibres cease to grow m length. At the same time the cells undergo 
further Yacuolation, so that the protoplasm is now reduced to a thin 
parietal layer ; the ceUs increase rapidly in girth and soon reach a 
cross-sectional area equal to about twice that of the cells during the 
phase of elongation. The rounded appearance in section is replaced 
by an angular outline of the cells which now fit closely together with- 
out many intercellular spaces (Fig. 9). This appears to be a short 

period of growth 

m length 01 the fibres evidently synchronises with the groW in 
length of the mternodes and young fibres macerated from an inter- 
node which has just ceased to extend have approximately the sanJe 

aTfho matme fibres. Growth in girth occurs first 

^.t the base of (;he internofie where a section may show the fibres 
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Fig. 9. Cannabis* Transverse section showing fibres in young inter- 
nodes which has just completed extension ( x 665). 

expanded and angular, whilst a section from the top of the same 
internode may show them still narrow and rounded. At first the 
two to four outermost rows of fibres undergo this change but shortly 
afterwards the region may increase to a depth of twelve to fourteen 
cells and includes the whole of the primary phloem region, A patch 
of fibres derived from cells in the primary phloem comprises a 
primary fibre group ; these groups are separated from the secondary 
fibres by two to four rows of parenchyma cells (Fig. 15). 

During all these stages of development the walls of the fibres 
are thin and readily give the cellulose reaction with iodine and zinc 
chloride; they also swell in 72% sulphuric acid and finally dissolve. 
The reaction for pectin with methylene blue, after treatment with 
potash followed by washing in water, does not give the characteristic 
violet coloration until the last stage, when it is seen well at the 
angles of the closely fitting cells and in the middle lamella. No 
amyloid stage has been observed in which the wall would give a 
blue colour with iodine-potassium iodide alone, but in the collen- 
ehymatous stage and the next stage the walls give the ‘ collose ’ 
reaction of a steel-blue colour with iodine after previous treatment 
with 15% hydrochloric acid (Ziegenspeck, 1925). 

Although most of the primary fibres reach their final length 
during the period of extension of the internode, some continue to 
increase in length after this time. This is suggested by the fact that 
whereas the fibres in more adult internodes have very fine-pointed 
ends, a number of the fibres in an internode which has only just 
ceased to extend have less finely pointed ends. Evidence supplied 
by the pits is also suggestive ; in fully extended fibres the apertures 
of the slit-like pits lie in the plane of a very steep spiral, almost 
parallel with the length of the fibre, and this is the only type of pit 
found in the thickened fibres. In the first extended internode 
most of the fibres have this type of pit, but others have pits with 
shorter, wider apertures, the long axes of which do not lie along so 
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steep a spiral. Below tlie first extended internode, fibres with the 
wider pits become less frequent and also the pits tend to approach 
nearer to the long slit type, and finally in the more mature internodes 
with all the fibres thickened, only the long slit-like type occur 
(Pig. 10). In extending internodes all the fibres have the type of pit 
with the wider aperture and lying on a less steeply inclined spiral. 
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adufi flbris'( on partially thickened, young and 

In Oorchous^ the origin of the fibres from protophloem tissue is 
very clear and since the prodesmogen tissue in this plant is in radial 
senation, and therefore cambial in origin from the first, the fibres 
are all secondary. The initial radial seriation is only seen in places 
since it becomes lost during divisions of sieve tube mother cells to 
cut off companion cells and also the cells which give rise to fibres 
may undergo a preliminary longitudinal division, but the seriation 
remains very clear in the rays (PI. VII, Pig. 1). During the early 
stages of internodal elongation, the cells are densely filled with nro- 
toplasm and appear to be in a turgid condition for, on cutting, both 
the protoplast and the plastic wall collapse. At first the walls appear 
homogeneous with slight collenchymatous thickenings at the angles 
and readily give the “ amyloid” reaction. A little later the Se 
wall appears slightly thicker and the collenchymatous thickenings 
are no longer visible; this condition is probably due to greater hydri 
tion of the inner part of the wall, for it is no longer recognised after 

“T in ^5% potash 

and IS thrown into ndges. The walls at this stage give a ?oUose 
reaction as in Cannabis. s d, 

■ become less swollen, again during a 

period of rapid cell extension, and no longer swell annreciahlv in 
potMh Tie ceU, also lose mach ol their »„top1LS?o coBSn“ 
During the latter phases of internodal extension the collenchymatous 
thickenings again become visible (PL Vll, Pig 2 ) and uer 
the intCTUode has completely finished extension, whet S of Se 
protophloem fibres also attain their full length ® 

Sbcondaet Wall Deposition 

remains vigor ou^, ® ntmues as long as the vegetative shoot 
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Once the deposition commences it proceeds rapidly and in 
Cor chorus the first lamella is relatively thick and may exceed the 
thickness of the “ primary ” -wall. In transverse sections of a fibre 
group at this stage, fibres vrith wide lumen, presumably cut near 
the middle, have thicker walls than those with narrow lumen and the 
same point is recognised in macerated material (Fig. 11). This 
effect is not marked in Cannabis, though in macerated material 
some fibres may be found to illustrate the feature. In view of 
Aldaba’s work on ramie fibres (Aldaba, 1927), where it was found 
that secondary lamellae were laid down first at one end and then 
progressively along the fibre, in such fibres of Cannabis the lamellsB 
were carefully traced from the region of the thicker wall (Fig. 12), 
but no evidence was obtained that any lamellae failed to reach the 
end of the fibre. In this case the greater thickness of the wall in 
the middle regions of certain fibres is probably due to the more rapid 



Fig. 11. Corchorus. Fibres showing the wall thicker in the middle 
region. 

Fig. 12, Cannabis. Fibre showing the separation of lanaell® at the 

ends. 
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deposition of cellulose resulting in thicker lamellse, and not to an 
earlier deposit of additional layers in the middle region of the fibres, 
particularly as frequently the protoplasmic contents appeared denser 
in the middle regions of the fibres. Fibres with the wall thinner at 
one end were never obtained from more adult internodes. 

In Cannabis the deposit of the first secondary lamellae can be 
seen at the proper stage, under high magnifications after careful 
staining in iron-alum hsematoxylin, but at first it is evidently much 
hydrated and is seen most easily in sections of fresh or preserved 
material, stained in iodine or safranin, without any further dehydra- 
tion. 

At a certain stage in relatively young adult internodes sections 
of such material show the inner cellulose layers considerably infolded 
and wrinkled and apparently too large in surface to fit against the 
outer wall layers. Macerated fibres from the same internode also 
show unusual appearances which are certainly due to a similar with- 
drawal and folding of the inner plastic cellulose layer from the outer 
wall. The reason for these appearances is evidently that the outer 
wall has been much stretched by extension of the cell under pressure 
of the vacuolating contents and is therefore under tension ; on 
cutting the stem or on death of the cell, this tension is released and 
the outer wall contracts. The inner iamellse, however, deposited 
since extension and much hydrated, are not under tension and when 
the outer wall contracts these are thrown into folds. The various 
patterns of infolds and outfolds may be puzzling to interpret when 
first seen in macerated material ; viewed through the thin outer 
wall, longitudinal outfolds on the side towards the observer may 
appear as ridges, infolds as long cracks *, the folds may converge or 
separate, and with the longitudinal folds may be coupled some 
degree of transverse folding. 

In Gorchorns the more plastic and hydrated condition of the 
latest deposited lamella is more striking owing to early lignification ; 
lignification starts in the middle lamella and outermost cellulose 
lamella and each successive lamella also lignifies after it is deposited, 
so that if a section is allowed to dry at room temperature the inner 
most lamella contracts away from the older lignified one. Owing 
to this early lignification, in CorcJiorus only the innermost lamella 
gives a good cellulose reaction, even in young fibres, though in the 
region of slip planes the cellulose reaction is clear throughout the 
thickness of the wall, as apparently the masking lignin material has. 
been displaced from the cellulose surface, as noted by Eobinson 
(1919) in slip planes in wood fibres. 

In Cannabis secondary wall deposition proceeds at first more 
slowly in the outer fibres and the wall only appears appreciably 
thickened in the third or fourth adult internodes; in the later- 
formed fibres the deposition is more rapid. The thickening continues 
throughout the life of the plant and is also accompanied by some 
slight increase in width of the cells, so that the widest and thickest 
walled fibres are found at the base of the plant, where the ceU lupien 
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m^y b© alniost oblitBratcd. Taiinincs (1907) also obsoryed. in 
Linum usiiatissimum that fibres continued to increase in width after 
wall thickening and during this process became swollen to the 
rounded form. 

In both types the wall shows a lamellated appearance by the 
fourth adult internode. Along the fibre the lamellse are closely 
superposed and difficult to distinguish, but at the ends they are often 
more widely spaced (Figs. 11 and 12). This lameUated appearance 
might be due to one of two causes, either the lamellaB, clearly 
adpressed along the length of the fibres, are more widely separated 
at the ends, or the lamellse, tapering towards the ends where the 
wall was seen to be thinner at an earlier stage, terminate in succes- 
sion as a series of cylinders, the inner ones ending progressively 
further back from the tip as indicated in the diagrammatic Fig. 13. 
In Oorehorus the second alternative seems more in accordance with 
the fact that the lumen of the fibre can be traced far into the end 
penetrating a large pa.rt of the lamellated apex. 

The thickening of the wall starts in the outermost fibres and 
follows in fibres progressively inwards. In Gorchoms the thickening 
of the outermost fibres continues over about the first four adult 
internodes and then only proceeds very slowly. In the fourth adult 
internode the first metaphloem fibres begin to form. 



Fig. 13. Diagram to show lamellae ending as open .cylinders at the end 
of the fibre. 

The Abtjot Fibres 

In both Cannabis and GorcJiorus the adult fibres are typical 
sclerenchymatous cells, long and pointed at both ends. Those of 
the outer group have been studied in greater detail and it has been 
observed in these that, whilst primary fibres of Cannabis are multi- 
nucleate with 7 to 21 nuclei according to the length of the fibre 
(FI. VII, Fig. 3), the secondary fibres and all the fibres of Gorcharus 
are always uninucleate. As the prodesmogen cells of Cannabis are 
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unimicleate, the multiplication of nuclei takes place during fibre 
differentiation. In young fibres various elongated and constricted 
nuclei have been seen, which resemble figures given by Saito (1901) 
for the fibres of Urtioa Thunbergiana, and described as evidence for 
amitosis ; no mitotic figures have been seen in Cannabis. Multi- 
nucleate fibres have been described for plants belonging to several 
difierent families, including Linum usitatissimum (Haberlandt, 1914) 
but without any suggestions as to the manner in which the condition 
arose. Esau (1938) has described normal mitosis in fibres of 
Nicotiana. 


Fig. 14. Cannabis, (a) , (b) and (c) Peculiar types of fibre ( x 70) ; 
id) fibre in contact with ray parenchyma ( x 210). 
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Tlie longer fibres in botb plants may show a pattern of transverse 
grooving due to pressure against files of parenchyma cells (Figs. 
14 & 17). In Corchorus it is not uncommon in older fibres to find an 
irregular outline to the cell lumen, as though the deposition of 
secondary lamell© had not been uniform throughout the fibre and in 
very old fibres this may lead to actual obliteration of the lumen at 
certain points (Fig. 17 B &E), 

In Cannabis the presence of a few layers of parenchyma cells 
between the primary and secondary fibre groups enables the isolation 
of the primary fibres by a retting process. It is found that the pri- 
mary fibres are longer and thicker- walled than the secondary 
(Fig. 15), and since the primary fibres are growing in length during 


Secondary] 


Fig. 15. Cannabis, Transverse section of the fibre region of aoa old 
internode showing the larger diameter and thicker walls of the primary 
fibres ( X 155). 

the period of internodal extension, it is to be anticipated that the 
longest fibres should occur in the longest internodes. The follow- 
ing figures have been taken from a carpellate plant with nearly 
mature fruits. The figures given are the average of thirty random 
measurements: — 
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Primary fibres Secondary fibres 

from near the base of the stem 

Arerage length .. 12-7 mm. ic ka 

Average mdth . • 34 ■ 2 /x. 

The following figures illustrate the variation in dimensions of 
. lr,t of internode. The fibres were taken irom 


The following figures illustrate me vanauuu m 
primary fibres wfth length of internode. The fibres were taken irom 
a young vegetative plant. . 


Length of internode 


Average length of 
fibres 


Average width 


In Oorchorvs, aU the fibres are secondary and no line of paren- 
chyma separates the protophloem fibres from the metaphloem group. 
The number of fibres in the peripheral groups derived from proto- 
phloem tissues tends to increase upwards to a maximum about 
halfwav up the plant, above which it falls off again. The order 
of this" change may be illustrated from the figures from the small 
plants from Kew. 


Serial Number of internode on 
the main stem 


Number of fibres in outer- 
most groups 




The avt rugi! leugtli oi the fibres of the outer groups {3-156 mm.) 
greater than that of the itmer ones (1*47 mm.). , 
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As in Cannabis tlie longest fibres occur in the longest internodes 
but owing to the irregular distribution of intenodes of diSerent 
lengths in this plant, fibre length does not show any regular increase 
uj) the stem. Fibres between 6 and 4 mm. in length are common 
in the longer internodes. 

The pits are best seen in surface view of fibres from macerated 
material. In both plants they are small and slit-like, with the 
long axis of the slit running almost vertically in the pitch of a very 
steep spiral. The pits are frequent along the length of the fibre, 
but less so towards the ends ; in cross-sections corresponding pits 
are seen relatively frequently between fibre and fibre, but have not 
been seen between fibre and parenchyma cell. 

Cell Wall Eeactions 

Cell wall^ reactions have been studied on sections cut from 
internodes of fresh material and of stems preserved in 70V 
alcohol and on macerated material. Since walls of fibres separated 
by maceration with chromic acid lose some part of their 
properties, material has been retted under water and primary and 
secondary fibres carefully separated. Individual fibre cells from the 
macerated material have been teased out by fine glass needles and 
used for different reactions. 

The following reagents have been employed, aqueous iodine in 
potassium iodide and 60 % sulphuric acid ; aqueous iodine and sul- 
phuric acid (3 parts by volume) in distilled water (1 part) and glycerol 
(2 parts) ; von Hohnel’s reagent (1905) ; ehlor-zinc-iodine (Artsch- 
wager’s reagent, 1921) ; phloroglucin and hydrochloric acid ; acid 
aniline chloride ; methylene blue (the material being first warmed in 
5% potash and then well washed in water). Swelling reactions 
have also been studied in various strengths of sulphuric acid and 
caustic soda. As a result the following statements seem justified as 
to the nature of the cell walls. 

In Cannabis the wall of the fibre consists of cellulose, lignin and 
pectin. The lignin occurs as a sheathing material aroimd the cellu- 
lose micelles or fibrils and therefore, in untreated material, in the 
transverse sections of the internodes, the cellulose reaction is masked 
and the fibres, instead of turning blue, become dull yellow to 
yellowish brown or bluish brown in colour. The lignin reaction is 
obtained with phloroglucin and hydrochloric acid and on treatment 
with Bau de Javelle followed by sodium sulphite, according to 
the method of Cross and Sevan, modified by Norman and Shrikhande 
(1935), the characteristic pink colour is obtained and subsequently 
the material no longer colours in phloroglucin and hydrochloric acid. 

Lignin occurs much more abundantly in the middle lamella and 
primary wall than in the secondary lamella;. The walls of the secon- 
dary fibres are more lignified than those of the primary and in these 
pectin is also found to be abundant in the regions of the middle 
lamella and primary wall, especially at the corners of the fibres in 
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transverse section. This is in harmony with the results of Kerr and 

B*y (193« »” ai 3 .pp.ar, from the secon. 

On water-rettmg, tiie iignm ia g ^ -nrimarv layer (or outer 

dary wall, but sufficient the Cellulose reactions un- 

ISr' "SS n'appear.. partioniarly from 

on acooimt oi their “8“ ° , romnletelv removed on maceration 

removed on water-rettin» i„ttpr*treatment the wall swells uni- 
in 0 % chromic which may be 

outer layer, are less strollen 

in sulphuric acid. . 

Tn Gorchorus the outer and inner fibres give very sirnilar 
, /ttiniT? tPoiiffh on the whole, the inner fibres appear to be slightly 
more lignifled.^ In all fibres cellulose reactions are masked until the 
lii component is removed by appropriate treatment. Tn all 
urtuU fibres also the inner lamellse o! the wall give stronger lignin 
reactions than the primary wall and the outer lamellse of the 
darv wall. This is the reverse condition to that f in Cannabis, 
and the primary wall also is much less resistant to the action of 
sulphuric acid or alkali. In caustic soda the walls simply swell, 
birt ill sulphuric acid of different strengths they gradually dissolve. 
In 55% sulphuric acid the fibres swell, the primary waU appearing 
in the form of spiral fibrils around the secondary. When pressure 
is applied to the cover glass, the primary wall dissolves and similar 
sniral striations are visible in the outer layers of the secondary wall. 
In 60% sulphuric acid the primary wall practically dissolves imme- 
diately and, if pressure is applied, the striations in the secondary 
wall become clearly visible, moving inwards as the wall slowly 
dissolves except for a thin innermost layer. 

In hio'her concentrations of sulphuric acid the wall practically 
dissolves immediately except for this thin innermost layer. As a 
result of the less resistant nature oi the primary wall, it is very 
unusual to get any indication of “ ballooning ” during swelling in 
Gorchorus as the expanding inner layers are not constricted by an 
outer more resistant layer. After previous treatment with 5% 
potash, pectin reactions are also given by the fibres, but in sections 
it is dear that the pectic components are mainly concentrated in 
the middle lamella. 

These micro-chemical reactions in both plants have been preli- 
minary to an intensive study of the method of construction of the 
edl-wall in terms of modern views on cellulose structure. This work 
l(a.H necessitated extensive observations with the polarising micro- 
HCop(‘ and particularly in connection with the alteration in optical 
properties of the wall during various swelling processes. This work 
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is reported in collaboration with Dr. E. D. Preston (1940), it is suffi- 
cient for the purpose of this paper to report the general conclusion 
that the cellulose micellar, or fibrillar, constituent is arranged in 
the wall in the form of a very steep spiral. Contrary to the usual 
impression, this seems true of all layers of the wall, the pitch of the 
spiral being uniform throughout the thickness of the wall ; the slits 
of the pits in the wall have the same spiral pitch. 

Febbe Distribution 

The section on development has shown that the fibres of 
Cannabis and Oorchorus in common with those of a number of 
plants described by L4ger, are determined at an early stage of 
development from cells of the protophloem. Such fibres are 
frequently described, as for example by Eames and MacDaniels 
(1925), as pericyclic. Though this would agree with the broad defi- 
nition of pericycle as the “ outermost zone of cells of the stele imme- 
diately within the endodermis,” it is an unfortunate term, since it 
masks the very close connection which exists in development 
between the fibre groups and the leaf trace system of the plant. 
This connection has in fact not been recognised by Barnes and 
MacDaniels (1925), who state that “ the fibrous tissue adjacent to 
the conducting strand is morphologically not a part of the vascular 
tissue 

When cambial activity commences in Cannabis, or continues in 
Corohorus, some of the tissues cut off to the outside become typical 
phloem elements whilst others become secondary fibres. The pres- 
ence of the groups of fibres in the phloem prevents this tissue from 
undergoing tangential expansion when the tissues are subjected to 
strain during radial growth ; this strain is taken mainly by the living 
ray cells which extend tangentially and undergo radial divisions. 
This widening of the rays between the fibre groups leads to the charac- 
teristic appearance of the phloem in outwardly tapering wedges in 
plants which continue to differentiate fibres in the metaphloem. In 
tangential longitudinal view the phloem wedges are seen to be linked 
into a network with elongated meshes, occupied by the rays. When 
the ray tissue has become much stretched by continued radial 
growth, some of the fibre groups may be split, thus multiplying the 
outer fibre groups and throwing the later formed rays into continuity 
with the cortex. This splitting of the fibre groups also makes them 
look more diffuse so that their close association with the vascular 
strands is not easy to recognise, though it is undoubted when 
followed through the developmental stages. 

In Cannabis and Corchorus the protophloem tissues from which 
the fibres are derived are continuous from stem to leaf, but the cells 
amongst the sieve tubes only undergo differentiation into sceleren- 
chymatous fibres where they run in the stem ; in the leaf the cells 
which are potential fibres are recognised as thin-walled prose- 
chymatons cells. Thus if serial sections are followed downwards 
across a node, it is found that some of the fibres, both of the outer- 
juost and of the innermost groups above the node, diverge to either 
10 
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Fig. 16 . CanndbiB. Transverse section to show the distribution of the 

primary and secondary fibres in the region of the median bundle of the leaf- 
trace I (a) in the middle of the internode, (5) just below the node ( x 15), 
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side of the incoming trace bundles and then rejoin, primary to pri- 

mary and secondary to secondary, to continue course 

in the next lower internode. On the other hand fibres developed 
from the protophloem of the trace bundles themselves, developed 
in the lower internode, fail to diiierentiate as the trace bundles pass 
into the leaf base ; as the fibres begin to d.ie out, they become i^^re 
widely spaced and tend to occur singly or in small groups (big. lb a 
and 5). 


Primary fibres 
Secondary fibres 


^Median bundle 
of leaf-irace 


Fig. 16 a 
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The cambial activity in adult internodes, which continnes to 
give rise to additional groups of secondary fibres so long as the plant 
lives, is limited to the stem. As the trace bundles begin to move out 
at the node, they gradually emerge from beneath the tissues resnlt- 
ing from this later activity and pass into the leaf with only the 
xylem and phloem formed during the period of leaf expansion. 
This is in accordance with the results of Elliott (1933) who found 
that in the Dicotyledons studied by him cambial activity in the 
leaf ceased, with completion of leaf expansion. Priestley and 
Scott (1936), working on EelianthuSy found this true also of the 
trace bundles in the internode so long as the bundles remained 
isolated by the original rays on their flanks. In Gorehorus and 
Cannabis however, the rays are narrow and the cambium of the 
bundles of the incoming trace is soon re-activated from the 
flanks of the vascular ring on either side, though it is noticed 
that the protoxylem of the bundles is usually separated by a zone 
of wood devoid of vessels from the later-formed vessel containing 
wood on their faces. 

The total disappearance of fibres from the face of the bundles 
in the leaf must, however, involve some other explanation in addi- 
tion, for the peripheral groups of fibres in the stem are formed from 
protophloem of the trace bundles and this tissue is continuous from 
leaf to stem, although in the leaf it is represented entirely by soft 
bast. 

As this change is followed through the leaf insertion, it is found 
that the peripheral fibres first appear where the leaf bundles are about 
level with the ring of fibres in the stem ; at first the fibres are the 
most peripheral and are only few in number, but their number is 
rapidly increased by the addition of more centripetally placed fibres 
as the bundles pass further into the stem. Thus if the course of 
the median and lateral bundles is followed as they enter the stem at 
the node, all these bundles will be seen to bring in with them, on 
the outer face of the phloem, typical prosenchymatous elements 
identical with fibre cells in their outline, but without the charac- 
teristic thickened wall. In the stem such cells undergo differentia- 
tion into fibres, the number of which rapidly increases as the bundles 
from the leal enter the stem *, thus in one case in Corcharus where 
four transverse sections, each some 20 ^ in thickness, iiielnded the 
details of the passage of the median bundle of the trace acro'^s the 
phloem of the stem to a position at the outer edge of the xylem ring, 
the number of fibres on the face of the hnndle increased from 36 to 
67. This increase in fibres piuceeded eentripetally, the first to 
appear were those on the outside of the strand and within these 
.'could; very .soon be fonnd^ others, showing varying stages of wall 
thiclaiess and lignification, indicating the rapid appearance of 
further fibres within tlie original ones. It would appear that in the 
leaf the phloem elements, which are potential fibres, only differenti- 
ate into fibres where they are in close approximation to the fibre- 
forming tissues in the stem, and it may be that only those elements 
which are associated with stem fibres at their lower extremities 
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undergo this differentiation ; if this is so it is probable that the 
development of the most external cells into fibres farthest out into 
the leal cushion will be related to their greater length, since being . 
the earlier of the procambial cells to differentiate they will also be 
those most pulled out by extension. 

As the strands take up their position in the ring fibres also 
develop on their face within the peripheral fibres. These additional 
fibres of evidently the result of a gradual lateral deflection over the 
trace the elements cut off from the cambium of the vascular ring 
to the sides of the trace strands. Further down the stem such secon- 
dary tissue gradually completely encloses the original trace strands, 
and later-formed fibres, continuous with strands of the internode 
above, continue to develop eentripetally outside the trace. Over 
the centre of the trace strand near its point of insertion, certain 
groups of relatively unlignified fibres with only slightly thickened 
walls may be seen and if these are traced upwards they are found to 
end blindly and to have no continuity with fibres of the internode 
above. These fibres seem to differentiate in tissues which owe their 
origin to the fact that the basipetal renewal of cambial activity in 
the trace system in the stem also works a slight distance basifugally 
upwards towards the leaf. This upward renewal of activity ends 
before the trace bnndles enter the petiole and consequently these 
poorly developed fibres also end at the leaf insertion. In this posi- 
tion a number of cells occur which are transitional between fibres 
and parenchyma, such as septate fibres, septate prosenchyma cells 
with only some of the segments thick-walled and fibres with un- 
usually narrow and grooved ends. 

Fibres are developed in branch stems, and in longitudinal 
section it is seen that some of the fibres from the branch are conti- 
nuous into the main stem and run down the flanks of the main trace 
bundle of the subtending leaf. 

Discussion 


The relation of sclerenchyma to perieycle and phloem 

Primary sclerenchyma fibres are often described as pericyclic 
and Morot (1885) even went so far as to conclude that sclerenchyma 
was derived from special pericyclic layers — a conclusion obviously 
based upon examination of too advanced stages of development. 
The fibres lie just within the starch sheath and are therefore in a posi- 
tion to be termed pericyclic, but there also remains no doubt that 
the fibres arise in the protophloem tissue amongst functional sieve 
tubes ; this fact has been demonstrated by Leger by a developmental 
study of a wide range of plants and has also been confirmed by Esau 
(1988) for Nicotiana and in the present study of Cannabis and 
Corehor^is. The use of the term pericyclic is probably responsible 
for 1 he fact that the very close association of fibres and iJhloem tends 
to be overlooked, though further consideration shows that probably 
the develijpment of fibres is dependent upon the presence of func- 
tional phloem in the same tissue. In the case of the outermosl; 
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fibres, the associated protopbloem sieve tubes are mucb stretcbed by 
tissue extension, collapse early and are obliterated, so that tbeir 
presence is only confirmed by tbe study of developmental stages. 

This association is not affected by the fact tbat in Cannabis 
the outermost groups of ^ sclerenchyma are differentiated in proto- 
phloem tissue which is primary in origin (derived from prodesmogen 
tissue), whilst in Gorchorus the first formed phloem amongst which 
the fibres form, though undoubtedly protophloem, is differentiated 
from cells in which tangential longitudinal divisions of a typical 
cambial type have been proceeding, so that both protophloem and 
associated fibres are actually secondary in origin. It remains true 
however, that the outermost fibres will differentiate from cells which 
were growing during the period of stem extension, whilst the inner 
groups of fibres are derived from cells which are themselves formed 
after the elongation of the internode has been completed. The 
processes of growth and differentiation must clearly proceed diffe- 
rently in fibre groups of these two types and indeed there would be 
considerable convenience in an extension of the prefixes proto- and 
meta- to sclerenchyma to distinguish those fibre groups formed from 
protophloem tissue from those formed later from metaphloem. 

The relation of sclerenchyma to the leaf -trace system 

The old term fibre- vascular bundle is evidence of how closely 
the fibres have been found to be associated with the vascular strands; 
the latter are continuous from leaf to stem and usually the whole of 
the vascular ring in the first year shoot in any Dicotyledon may be 
interpreted in terms of linked leaf-traces. But in both Cannabis 
and Gorchorus we have the curious fact that the vascular strands of 
the leaf, before their entry into the stem, have no fibres on their 
periphery. Although a common phenomenon, this cannot be general- 
ised too widely, as some Dicotyledon leaves do show fibres in the 
petiole and even in association with the veins in the lamina. The 
fibres are always in the same relative position as a cap outside the 
phloem, and where they are not present, they are replaced by a 
prosenchymatous tissue, presumably potentially capable of differen- 
tiation into fibres. The fact that this potential fibre tissue frequently 
remains with unthickened walls in lamina and petiole suggests that 
the carbohydrates synthesised in the adult leaf find their way out 
of the leaf without being deposited on the walls of the cells amongst, 
or just exterior to, the phloem of the bundle in which they are prob- 
ably carried. Why then, after these strands are linked into the 
trace system in the stem, does cellulose deposition occur and typical 
fibres appear ? 

It has been pointed out by Priestley and Scott (1936) that in 
Melianthm\ and the same condition seems general in the Dicotyledons 
(Elliott, 1933), whilst cambial activity stops in the leaf vascular 
strand and the isolated strands of the trace as they enter tiie stem, 
it continues in the linked system in the axis so long as young leaves, 
in which cambial growth is active, are associated with the system. 
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When cambial activity tbii.s occurs in the lower part of the stem, 
on the flanks of and often on the face of leaf trace systems which 
eeascd activitv when the associated leaf became adult, then in 
flrUanflimj so'lon^* as xylem differentiation continues in the yp™g 
leaves, additional xyleni in continuity with it is also differentiated 
hi the lower part of the stem and the lower internodes increase 
appreciably in girth. Thus so long as young internodes are adding 

wooer in tiie upper regions, roughly equivalent quantitiG;S ox 
woral are also added in the lower part of the stem. There is little 
(‘Violence of continued ]>hloem differentiation on the same scale ; in 
vmiiig internodes phloem is diiterentiating but there is no siigges- 
iioii of anv (iomparable increase of phloem in the lower internodes 
inm tissues recently cut off from the cambium. When a leaf high 
on the stem becoincs adult and its phloem is used to transmit its 
protosvnthat.es downwuirds into the stem, these supplies may have 
adeoiiate cliannels to carry them out of the leaf, but as they reach 
lower iaternodes, differentiated in association with lower trace 
systems, little or no new phloem is being formed here to provide 
channels for the new supplies flowing in from higher regions. ^ The 
carbohydrate supi)lies may find their way into the channels of the 
old<‘r leaf systems, especially as these may not now receive much 
food from the older leaves, now less vigorous ; but it does not seem 
surprising that there is considerable leakage or accumulation of 
carbohydrate from these overloaded phloem channels, and that 
cellulose is usually deposited in the sclerenchyma on the face of the 
linked trace systems, although very frequently none is formed in 
the same vascular strands in their upper regions in the leaf, or 
where they are still isolated near their entry into the stem. 

The deposition of secondary layers in the fibre is a long-con- 
tinued process. Wall thickening begins to appear in the first adult 
internode and shows a rapid increase in the next few adult inter- 
nodes, after which it continues slowly so long as leaf growth con- 
tinues above and new adult leaves continue to send photosynthates 
down the stem. 

The Structuee of the Fibee in Eelation to Development 

Two phases of growth are distinguished which seem to he asso- 
eialed with dij^erent types of wall structure, (1) the phase of 
cell extension associated with the rapid expansion of an original, 
primary” wall; (2) the phase of cell wall thickening, following 
upon extension, associated with the deposition of the secondary ” 
.wall.- ■ 

(1) The phase of extension of the ‘ primary ’ wall 

It will be necessary in the first place to examine the concept of 
a primary ” wall. Such an examination may usefully start from 
the comparatively recent clarification of our terminology of wall 
la} ers by Kerr and Bailey (11)34). Tbey recognise an isotropic, non- 
indlulosic, intercellular medium in which the cells are embedded and 
winch forms a layer of middle lamella outside the cellulose proper, 
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and then distinguish the (cellulose) primary wall as “ the cambial 
wall and its homologues in other tissues This wall differs from 
the secondary wall in its great capacity for growth and extension 
and ability to undergo reversible changes, e.g., in thickness. The 
secondary wall in contradistinction, is deposited in cells which 
have undergone irreversible changes and lost their potentiality for 
growth and enlargement ; such a secondary wall is deposited in a 
series of layers and may be conspicuously laminated. 

In the fibre cell the two definitions as given by Kerr and Bailey 
can be applied with great consistency and no ^fficulty exists in 
recognising the primary wall stage and following the subsequent 
deposition thereon of a secondary wall ; at the same time certain 
considerations suggest that these definitions cannot safely be 
applied in all tissues. The difficulty probably arises in trying to 
apply the same terminology of wall layers to walls formed by quite 
different methods of cell growth, those characteristic of meristem 
or procambial cells, and of vacuolating cells respectively. 

The terms primary wall and secondary wall as used by Kerr 
and Bailey, apply readily to fibre cells because it seems clear that 
these cells have a very brief phase, if any, of growth as vacuolating 
cells. During the stage of rapid cell extension these cells, originally 
procambial or cambial in origin, retain relatively dense protoplasmic 
contents. Their very considerable increase in volume is associated 
with a corresponding increase of surface of the protoplasm which 
carries on its face an increased cellulose surface, the primary wall. 
In this extension of the wall there seems to be no question of a 
stretching” of the original wall ; no strain is therefore thrown upon 
the spirally laid cellulose micelles, already present, and no change of 
pitch results. We can think of the original wall surface as very 
closely interpenetrated by the protoplasmic surface *, the growth 
of the cell increases this surface and more cellulose micelles are laid 
down at the surface, in general conformity of orientation with the 
micelles already present. 

There are several lines of evidence which converge to support 
this general picture of the process. Wherever this type of wall 
growth is proceeding, in the apical meristem, the cambium or the 
young (procambial) fibre cell, the surface of the protoplast is so closely 
embedded in the cellulose wall that the two cannot be separated as 
in a vacuolating cell, for instance plasmolysing agents do not bring 
about the withdrawal of the protoplast and many methods of 
fixation still leave them closely attached. In the chromic maceration 
method used in this work the protoplasts are not withdrawn from 
the wall in the macerated fibres in this phase ; they are always 
separated in the later stages. 

The chemical and physical properties of the fibre walls in this 
primary” phase also seem to be in accord with the views thus tenta- 
tively advanced as to the nature of the growth process in this 
primWy wall phase. Ziegenspeck (1925 and 1928) described the 
cellulose wall as passing through a series of phases in deveiojunent: — 




(i) tHe ^ amyloid^ phase staining bine with iodine in potassmin 
iodide alone or after previons treatment with Ean de Javelle ; 

(ii) the ^ collose ’ phase, staining steel blue with iodine and potassium 
iodide after preTious treatment with hydrochloric acid, so-called 
because so frequently given by collenchyma. These two phases 
are regarded as plastic and when these reactions have been noted in 
Cannabis (only collose reactions) and CorcTiorus, the developing 
fibres are certainly undergoing rapid extension. Meeuse (1938) 
has also reported both reactions in the walls of developing Monocoty- 
ledon fibres and the existence of a plastic phase during development 
perinits a ready interpretation of certain characteristic features of 
the adult fibres of Cannabis and Corehorus, Thus the walls of these 
fibres have often been impressed by the outline of the turgid vacuola- 
ting parenchyma around so that an almost saw-like margin may be 
produced along one side of a fibre, or a characteristic ‘ bayonet end 
(Fig. 14 cl and 17). 
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Fig. 17. A.-E. Cof chorus fibres. Bayonet” ends and ridges and 
grooves on fibre walls due mainly to the pressure of surrounding turgid 
vacuolating parenchyma. In Fig. 17 E some of the parenchyma cells 
are found attached to the fibre wall in the macerated material. 


This impress of the surrounding tissues upon a young fibre would 
easily lead to the forks and branches so characteristic of Cannabis 
fibres, less common in Corehorus. The plastic, young fibre might 
penetrate tlie Intercellular space between two expanded vacuolating 
cells arid with the continued elongation and division of the 
parenchyma such a short extension into an intercellular space wonld 
be passively drawn out into a well-developed fork or branch. 
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Another indirect line of evidence that the process of extension 
of the primary wall takes place at first by a rapid growth process that 
throws no strain on the original micellar orientation is supplied by 
the behaviour of the pits. Throughout the greater part of the period 
of fibre extension they are relatively broad and lie at a fairly wide 
angle to the vertical, visible evidence to the unchanging and rela- 
tively flat nature of the micellar spiral throughout this stage. 

Sliding growth 

The picture thus slowly emerging from various lines of 
evidence, of the extension of a densely protoplasmic element with 
a soft plastic wall, is entirely inconsistent with such a statement 
as made by Haberlandt who, speaking of the elongated, awl-shaped 
ends of bast fibres (1914, loo. cit.^ p. 153) says “ their characteristic 
form is largely produced by independent apical growth on the 
part of the individual fibres ; each fibre consequently wedges itself 
firmly between its neighbours 

No such mental picture of a thrusting point forcing its way be- 
tween neighbouring elements is supported by these macerated ele- 
ments of soft plastic material, which have obviously received a shape 
impressed upon them and have no rigid surface capable of slipping 
in the mucilaginous pectin material in which they are embedded* 
Actually, however, since Habeiiandt’s statement, founded on the 
early observations of Krabbe (1886'), and based mainly on phenomena 
of secondary wood development, various critical studies of fibre 
development have decisively rejected the occurrence of sliding 
growth during the differentiation of at least the outermost ^proto- 
sclerenchyma ’ fibres. 

Tammes (1907) proved conclusively that sliding growth could 
play no part in the development of the fibres of Linum, and Meeuse 
(1938) has shown recently that no relative displacement of fibres, or 
even fibre ends, takes place during the extension of various Mono- 
cotyledon fibres. Similarly during this work, it has become clear 
that at least the greater part of the process of fibre elongation takes 
place without any relative displacement of the fibres during the 
process. As Tammes pointed out originally, if the enormous elonga- 
tion of these fibres were associated with their movement past one 
another then the result would be a very rapid increase in their num- 
ber as seen in cross section ; of this process there is no indication and 
it can only be concluded once again, that no considerable thrust 
past one another of the pointed ends has taken place. In Corehorus 
particularly, a further piece of evidence against such displacement 
by sliding is provided by the remarkably regular radial seriation of 
the fibres, even of the outermost groups, the result of their original 
derivation from cambial activity (Fig. 7). 

Quite possibly the different methods of growth of fibre and adja- 
cent parenchymaj one element multiplying by vacuolating cell divi- 
sion, the other extending with a continued increase in its protoplasmic 
contents, may mean that the adjacent walls of such elements may 
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M0V6j if slightly, relatively to one another, and this may account for 
the fact, reported previously, that whilst corresponding pits are 
frequently found between fibre and fibre, they were not observed 
bctw^een fibre and pareiidi^mia. 

The consideration just advanced suggest that the process of 
fibre extension in later-formed secondary fibres, in ^ meta-scleren- 
cliyina ^ requires renewed investigation. Here the fibres are 
formed from canibial derivatives in a region of the stem that has 
ceased elongation, but the adult fibres are nauch longer than the 
eambial cells from which they have been derived. 

In Gorehorus olitoriiLs the lengths of cambium initials have been 
estimated from measurements of parenchyma files in strip prepa- 
rations [Priestley, Scott and Mai ins (1933)] and these measurements 
checked by im 3 asureineiits of the length of vessel segments in mace- 
rated material. Wood parenchyma files averaged about 450 jtx, vessel 
segments 405 fi, but the meta-scierenchyma fibres had an average 
length of some 1470 ji. 

In Gmimbu sativa the equivalent figures are : — 

CamMiim initials average length . . 300 /x, width 15 ju 


Fibres, average length 


2 , 180 /X, 


In both cases, but particularly in Gannabis, the fibres appear 
to have elongated considerably since their original formation from 
the cambium and the mechanism is by no means clear. The simplest 
explanation would be by sliding growth but we are still dealing with 
densely protoplasmic elements with plastic walls, and slip between 
these viscous structures is difficult to visualise. Furthermore (in 
Gorehorus especially) such slip has been without marked effect on the 
original radial seriation. In Gannabis where the increase in length of 
cells is sevenfold, the numbers in a group in transverse section should 
increase sevenfold if elongation is achieved by sliding past one 
another ; of such a rapid increase in number at this stage of differenti- 
ation there is no indication. 

In both eases there is the alternative that as the protoplasmic 
mass of the fibre increases and as the elements deform to the pressure 
to which they are subjected as they are driven outwards by the 
expanding tissues ol the vascular ring within, the malleable group of 
cells may deform as a whole, their walls moving as a common 
framework, a method which Priestley has termed * symplastic ^ 
(Priestley, 1930) ; in this case there may be considerable displacement 
of the group as a -whole relative to the surrounding parenchyma, but 
little or tto^slip amongst the fibre elements themselves. In Gorchoms 
the extension of the cells seems to be only threefold and it may well 
be that the symplastic or sliding adjustment of the walls simply 
carries originally pointed mdn farther in between the tiers of cells 
immediately above and below. This is somewhat supported by 
the relatively freqiumt occurrence, in macerated adult material 
01 iihvm with a median region of wider girth and two more 
attiuiuated ends, these tlireo regions being ajjproximately of equal 
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length. The whole question of the differentiation of these inner 
metaphloem fibres requires further examination. 

It was pointed out earlier that the inclination of the pits in the 
developing fibres suggested that, towards the end of the process of 
stem elongation, a phase of growth supervened when fibre extension 
was associated with a change in the pitch of the cellulose micelles. 
This stage in fibre growth is probably exceedingly important. In 
Cannabis reasons were given for thinking that this stage was charac- 
terised (i) by a relatively rapid increase in width of the fibre 
(Figs. 8 and 9) ; (ii) by a very intimate mutual association of fibres ; 
(hi) (when the fibre outline becomes sharply polygonal and inter- 
cellular spaces previously visible were practically obliterated) by an 
increase in fibre volume which appears to be associated with an 
intake of water rather than with an increase in protoplasmic mass; 
(iv) and by rapid increase in acuteness of the apex, a feature which 
may clearly be associated with the mutual compression of the fibres 
as they expand in width. The increase in sharpness of the apex 
under these conditions, might well be associated with some degree of 
mutual slip between the walls, it is therefore very suggestive that 
in both GoreJiorus and Cannabis pits are not usually found very 
near the apices of the fibres. 

Many features thus seen to be associated with this last phase of 
extension growth suggest that a change is now taking place in the 
relation of the protoplast to the wall and thus to the type of growth. 
The protoplast is expanding rapidly and vacuolating, a stage we shall 
find linked with a capacity of the protoplast to plasmolyse or to 
shrink away from the wall in fixing or macerating agents. Along with 
this looser connection of the wall and protoplast, the increase in 
surface of the cell is no longer associated with a proportionate 
increase in the protoplasmic substance ; the increase in surface 
throws the existing wall under strain, the pitch of the micelles and 
of the pits alters, and now immediately we shall find that additional 
cellulose deposition means the formation of new lamellae within the 
existing wall, and thus begins the deposition of lamellse of the 
secondary wall upon the primary wall. 

(2) The phase of deposition of the secondary mall 

Up till now, probably, as Kerr and Bailey suggest, wall thickness 
has not necessarily remained constant, there have been evidences 
of ‘ collenchymatous ’ thickening, the wall may have thickened dur- 
ing a slower period of growth and been thinned again during a period 
of rapid increase of surface. The more fundamental fact is that one 
method of wall formation, linked with intimate connection between 
protoplast and wall, is now replaced by another in which a cellulose 
layer is formed over a free protoplast surface (and not therefore at 
places where the protopla.st is still attached by plasmoclesma, so that 
these places soon become more conspicuous as thin-pitied areas in 
the thickened wail), between this surface and the pre-existing wall. 
It would seem inevitable that this mode of wall formation should 
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give a lamellated structure, often witli visible laminations, in which 
the new layers should be different in many ways from the original 
pnmary wall and that the union between the two might not be so 
intimate. Many of the observations previously recorded are in 
accordance with these deductions from development. 

In Cannabis for instance the micro-chemical observations show 
the pnmary wall as more lignified and, as a result, giving less definite 
^llulose reactmns on direct treatment with cellulose reagents, and still 
more striking IS the -behaviour of water macerated fibres in swelling 

thA 1 a Jn I’ ^ ^ laminated structure on swelling like 

> ondaiy wall and as a result of the greater swelling of the 
inner secondary layers it is burst by a slit wMch runs narallel to the 
micellar direction. The burst layer may remain ZuS aroLd the 

lilfs !f form balloon-Uke regions between the 

lines or the spiral of the primary wall. A careful and verv rirpeisp 
use of graduated strengths of sulphuric acid enable preparations to 
be obtained m which this outer primary wall is LtSIwAom 

nffernn& ’ form auTmiceS 

pitch. Upto the present no method has succeeded in thus senarat- 
mg the primary wall of a Gorehorus fibre from the inner wX but 
there again the two wall layers are undoubtedly different and in voung 
fibres at a certain stage of development the two layers are ^of ten 
separated as a result of the contraction of the stretched nrimarv 
walls after sectioning or maceration. The recentlv deuositp^ 
secondary wall layers are evidently in a very plastic condition and at 

layer and, as they do not contract when this contracts tbpv om 
thrown into folds within the fibre lumen Anderson 
epiained this phenomenon as evidence for antxtraorSnar/SoceL 
of wall deposition. He assumes that successive lavers nf nJiiiiiAff 
are first formed in this loose position o^er the proTortast an^^^^^^^^^ 
pressed out flat against the inner surface of the ^tretcLd fibre wa ti 
very much as a bill sticker flattens out a poster aSSst a hm 
There can benodoubtthateaehlayerofceUuloseS'first formed' 
surface of the protoplast and so this sSe i^assumed 

indkated.* ^AMmo^J'Spkna&^SSvr 

sive lamella,. This is discussSa fater^^SaJJa^r™^ 

in yo^?5flEfadXfi£L‘*fS''SSZ^ 

times show the secondary wall soparX“'m 
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, "S, “k 2em lhat M3fSVa“ti? 1*“ d'? 

t,o layer. ,o be sbarpl, diserebtlated SfSteXSS 
Which Anderson^ theory w^ohlVleave 

nation ; this is the remaS^ without an expla- 
in successive “ micellar orientation 

Of swelling teyni,uesVo"r “rSeTf^rrUfo;.^^ 

throughLt‘'th?toickness‘of thf Ta\rin^So™?Ld 
STowSTelurkce^ofth^^^ f 

Sierst. tLSir^d’-rs^iiTi ““ r 

S5~-5™S;S^S 

In Gor chorus lamellation of the second ni"®- w»ii w 

bfcOb.“Sf‘.\„“n"’?ftb“e «p” t'd®^ “P 

ire‘“oL“s ol'drooS*”?! °' “■' ^”'^6 

inS. rfThe b\b‘„t§ ‘■“r'l"'* r tte ““cc" .h./uyS 

lamellatfon may thus show very plain 

sueces^^vriavJrs^ ^tli debris oi protoplasm sometimes left between 
She nssJf or hourglass-like formations may be produced 

KSePorAJSllr.,S^^ »' ‘O- enr.i 

mte“nL°bc.“ fSSIto rL“?rfbrf''laT 

CKsSStSSS-sS? 
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TijCforoiis and tiierofore so long as carbohydrates are being returned 
to the base from the leafy apex. It is quite untliirikabie that the 
increase in girth of this already nnieli thickened fibre should be due 
to the swelling energy of its protoplast. But the layers of wall con- 
tinually deposited may obTiously be the seat of development 
of considerable inter-micellar forces, sufficient to expand the outer 
layers of the wall. 

Summary 

Details are given of fibre structure and of the processes of growth 
and differentiation associated with fibre production in Cannabis 
and Gorelioriis oUtorius. 

Tlie fibres are shown to develop, in both plants, from elongated 
cell elements amongst the phloem, protophloem and metaphloem. 
In CannaMs the outermost groups may arise from primary elements ; 
in Coreliorifs all fibres arise from elements of secondary origin. 

Fibre development progresses in two stages : (i) extension 
without new layer deposition — the primary wall phase, (ii) deposi- 
tion (in layers) of the secondary wall. Deposition of the secondary 
wall only occurs in the stem after elongation has ceased. 

Growth in the primary wall phase is discussed, sliding growth is 
rejected for the outermost (proto =) fibre groups, but more observa- 
tions are necessary on the mode of growth of the inner (meta = ) 
fibre groups which elongate in an internode which has itself ceased 
to elongate. Various features of fibre form, forks, branches, etc., 
are shown to be connected with tlie nature of this primary wall 
growth phase ; the change in micellar pitch and in the angle of the 
slit of the pit is shown to occur in the final cell adjustments when 
this primary wall growth phase passes into the secondary wall 
growth phase. 

The distinctions between primary and secondary walls are 
examined and also the various ways in which these walls may be 
separated, either in developing or adult fibres. 

Tlie deposition of secondary layers seems to occur simul- 
taneously over the whole fibre, not to proceed gradually along the 
fibre in a series of lamella? as described by Aldaba for Bcelmeria 
and lAmm-,. 

As the micellar pitch is constant throughout the fibre wall 
thickness, it appears to be determined by the pitch finally taken up 
by the primary wall before secondary wall deposition commences. 
Thus the factors of development governing this change of pitch 
would appear to determine wiiat is probably the most important 
physical constant in connection with the industrial utilisation of the 
fibres.' 
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DESGBIPTIOK OF PLATE FIGUBBS 

Fig. 1. Corchorus olitorius. Transverse section of a young adult 
internode, showing ra<ilal seriation across the vascular region especiaUv in 
the rays ( x 370). ’ 

Pig. 2. Corchorus oliUmus. The second collenchymatous stage in the 

fibre development { X 370). , 

Fig. 3. CannaMs, Part of a young fibre from macerated- material. 
Two elongated nuclei are seen in the protoplast ( X 400). 
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ON THE OOGAMOUS SEXUAL REPRODUC- 
TION IN A 

By K. E. Eamanathan 

University Botany Laboratory, Madras 
(Communicated by M. 0. P. Iyengar) 

Beceived for publication on November 10, 1941 

The alga^ forming tlie subject of tliis communication was collected 
in one of the temporary rain-water pools formed on the sandy 
beach at Madras in December 1940, during the N.E. monsoon. 
It was found in large numbers on moist sand very near the water 
edge giving the wet sand a greenish appearance. When the wet 
greenish sand was collected and shaken with some water, the 
water became immediately quite green in colour. A drop of this 
water when examined under the microscope showed numerous 
individuals of the alga along with Pandorina^ Bcenedesmus^ Cmla- 
sinem, etc. The cells of the alga were quite healthy and bright 
green in colour, but most of them were quiescent and had no cilia, 
only a few showing active movement. When they were kept for 
a short time in the water they developed cilia again and began to 
show active movement. These algse were found in'side the pool 
also, but their number was comparatively very small. Iyengar 
(1920, p. 333 ; 1933, p. 324} found on the moist sand fringiiig the 
temporary rain-water pools in the Madras beach a number of 
unicellular and colonial Volvocales, giving the moist sand a greenish 
appearance. He suggested that these algse preferred this situation 
presumably due to the greater aeration and the lower temperature 
of the wet sand than inside the x>ools. 

Vegetative Cells 

? The cells of the alga are ovate to ellipsoid in shape and rounded 

both at the anterior and the posterior ends (Text-fig. 1). Occa- 
sionally the anterior end is somewhat slightly truncate. The cell 
membrane is thin and smooth and closely enveloping the proto- 
plast. No papilla could be seen. The cilia are as long as, or slightly 
longer than, the length of the body. The shape of the chromatophore 
could not be made out clearly owing to the dense nature of the 
chromatophore and also the accumulation of starch inside, but 
appeared to be somewhat bell-shaped with a small anterior opening. 
A large median pyrenoid is embedded at its posterior end. A bright 
linear eyespot is situated a little from the anterior end (Text-fig. 1), 
Two contractile vacuoles are seen just below the insertion of the 
cilia. The nucleus is located just above the median portion inside 
the hyaline cytoplasm. 


From the Department of Botany, University of Madras, 
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Text-flgs. 1“9 . — Carteria lyengarii sp. nov. ^ Fig. 1. Vegetative cell. 
Pig. 2. Four male gametes formed in a cell. ^ Fig. 3. Eight male gametes 
formed inside a C(dl which still retains its cilia. Fig. 4. A male gamete. 
Pig. 5. A female cell showing the gelatinization of the wall at the anterior 
region and the egg about to" escape out. Fig. 6. Egg just escaped out of 
its mother wair by amoeboid movement. Fig. 7. Egg rounded after 
escaping from the mother wall. Pig. 8. Fusion of the male gamete with 
the egg : note the two evespots of the gametes and the four cilia of the 
male gamete in the zvgote. Fig. 9. Zygote surrounded with a wall. (All 
figures X 950.) {b, eyespoi ; Sj k eyespots of the male and the female 
gamete^ respectively ; r, recex)tive spot *, to, discarded wall of female gamete ; 
PUf pyrenoid.) 

Eepeoduction 

Asexual teprod action was not observed in the material. But 
sexual reprodnctiori takes place through the fusion of a motile 
quadrieiliaiii anlherozoid with a noii-motile egg. 

MaU gametes : 

Borne, of the vegetative cells after (‘oming to rest and losing 
their cilia Conn two^ Coiir or eight male gametes which finally escape 
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outside through the gelatinisation of the mother wall (Text-fio-. 21. 
The cells giving rise to the male gametes are somewhat hrown in 
colour in contrast to the bright green colour of the ordinary veo-e- 
tative cells. These male gametes are pear-shaped or slightly rounded 
and are much smaller than the smallest vegetative cell" (Text-fio’ ' 4) 
They are four-ciliated and bright golden brown in colour and possess 
a pale green chloroplast with a small pyrenoid at the posterior end. 
A bright red eyespot is seen a little from the anterior end (Text- 
fig. 4). Quite often the male gametes are formed in cells which still 
retain their cilia (Text-fig. 3). 

Female gametes: 

In contrast to the male gamete, the female gamete is formed 
by the transformation of the entire contents of a "single veo-etative 
cell into a large non-cmated egg (Text-figs. 5-7). The celt givino- 
rise to the egg, after coming to rest, loses its cilia and becomes" more 
bright green in colour. It retains its eyespot, contractile vacuoles 
and cell-membrane. 

Fertilization : 

The male gametes, soon after their escape from the mother cell 
swim towards the female cells and swarm round them in lariye 
numbers. During this swarming, the wall of the female cell at the 
anterior region gelatinizes (Text-fig. 5) and the entire contents 
escape out of the wall as a large naked egg by a somewhat amce- 
boid movement (Text-fig. 6). After escaping outside it again be- 
comes rounded and in that condition shows clearly the eyespot 
the two contractile vacuoles and a somewhat hyaline region' at the 
anterior end representing the receptive spot (Text-fig. 7). One of 
the motile male gametes finally fuses with the naked egg at the 
region of the receptive spot (Text-fig. 8). The fusion “is very 
rapid, the entire process not exceeding 10-15 seconds. The fertil- 
ized egg shows the. two eyespots of the male and the female gametes 
and slowly moves about for some time with the aid of the four 
cilia of the male gamete (Text-fig. 8). The place where the male 
gamete fused with the female gamete could be seen as a small 
brownish area in contrast to the bright green colour of the rest of 
the zygote. Finally the cilia are lost and the zvgote settles down 
and forms a wall round itself. The fully formed zygote is spherical 
and somewhat brown in colour and possesses a thick smooth hyaline 
wall (Text-fig. 9). The further fate of the zygote is not known. 

Discussion 

So far in all the previously investigated species of Carteria, 
the sexual reproduction is either typically isogamous or only 
slightly anisogamous. According to Paseher (1927, p. 139) extreme 
heterogamy is not known in Carteria. The present alga is, therc*- 
fore, very interesting in showing an (;xtr(>me form of h(‘terogamy, 
in fact definite oogamy, a type of reproduction so far recorded in 
only a few members of the unicellular Chlaniydomonadueeie. 








Text-figs. 10-18.»- Sexual reproduction of the heterogamous and ooganions 
uuieelhilarOhlamydomonadacese. Fig. 10 (a-c). Chlaynydommas Braunii 
Goroscbankin. Stages in conjugation of gametes. Fig. 11 (a~c). Phylla- 
rioehforiB «^ria<a (Korschikofi) Fascher. n, vegetative cell; 6, fusion of 
two gametes; e/asygote. Figs. 12-15. Chlorogonium oogamvm Psischev. 
Fig. 12* Format on of male gametes. Fig. 13. Formation of the ovum. 
Fig. 14. Liberation of the ovum. Fig. 15. Fertilization. Figs. 16-18. 
ChlamydimonaH coccifera Goroschankin, Fig. 16. Formation of male 
gametes. Fig. 17. Male gametes. Fig. 18. Fertilization. (Figs. 10, 11, 
16-18, redrawn from Fascher, 1927 ; Figs. 12-15, redrawn from Fascher, 
1931.) 
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Only about four members of unicellular Chlamydomonadace® 
sbow extreme beterogamy or definite oogamy, viz., CJilamydomonas 
Braunii Goroscbanldn, Chlamydomonas eoccifera Goroscliankin, 
FhyllariocMoris striata (Korscb.) Pascber { =Fhyllomonas striata 
Korscb.) and Clilorogonium oogamum Pasclier, all tlie remaining 
forms being eitber isogamous or anisogamous. 

In GMamydomonas Braunii (Goroscbankin, 1890) eight bicili- 
ate, walled microgametes are formed from each cell and four very 
large, biciliate, walled macrogametes from some other cells. During 
conjugation, the walls of the two gametes coalesce at their anterior 
region and the contents of the microgamete pass into the macro- 
gamete and fuse with it (Text-fig. 10). The cilia are lost during 
conjugation. The zygote secretes a new wall in the usual way. 

In PhyllarioeJiloris striata (Korschikoff, 1925 ; Pascber and 
Jahoda, 1928) the sexual reproduction is somewhat similar. 16, 32 
or 64 biciliate, naked male gametes are formed in a cell. These are 
rounded at first but later on become somewhat elongated like a 
spermatozoid. Two or four large biciliate walled female gametes 
are formed from other cells. The zygote formed by the fusion of 
the two gametes, retains the four cilia for a long time (Text-fig. 11). 

In Ghlorogonium oogamum (Pascber, 1931) a large number of 
biciliate male gametes is formed from a cell (Text-fig. 12), These 
are narrow and very much elongated like typical spermatozoids. 
The female gamete is formed by the transformation of the entire 
contents of a vegetative cell into a single non-ciliated ovum, which 
escapes out of the mother-cell-wall by an amoeboid movement 
(Text-figs. 13, 14). Fertilization takes place outside the mother 
wall (Text-fig. 15). 

In Ghlamydomonas eoccifera (Goroscbankin, 1905) 16 spherical 
biciliate male gametes are formed in a cell (Text-figs. 16, 17). An 
ordinary vegetative cell by losing its cilia and becoming consider- 
ably enlarged forms the female gamete. Both the male and female 
gametes are clothed with a cell-wall (Text-fig. 18). During conju- 
gation the male and female gamete come together and the walls of 
the two gametes become contiguous at their anterior ends (Text- 
fig. 18). The contents of the male gamete pass into the female cell 
and fuse with it and a zygote is formed. 

Of these four forms, in the first two, viz., in Ghlamydomonas 
Braunii and FhyUarioeMoris striata, the micro- and macrogametes 
are both formed by the division of the vegetative cell and both are 
ciliated until the time of conjugation. They should be considered 
therefore as cases of extreme beterogamy, very nearly approaching 
oogamy. On the other hand, in the two latter cases> viz., Ghloro- 
gonium oogammn and Ghlamydomonas eoccifera, the female gamete, 
which is formed by the transformation of the entire contents of a 
single cell without division, is non-ciliated and constitutes a definite 
ovum or egg. These two cases should therefore be considered as 
typically oogamous. Of these two in Ghlorogonium oogamum 
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the egg escapes out of its mother-cell wall by an amoeboid move- 
ment and is fertilized outside the parent cell-membrane. In the 
case of Ghlamydomonas eoccifera the egg does not esc^e outside 
and fertilization takes place inside the lemale cell. The sexual 
reproduction in this alga should be considered _as more advanced 
than in Chlorogonium oogamiim, since its egg is conyletely 
motile and does not show even the slight movement shown by the 
esr" of the latter alga when escaping out or its cell memDrane. 
ChIa7nydo7no7ias coecifeta should he considered therefore as showing 
the highest expression of sexual reproduction among the unicellular 
Clilainydomonadacese. 


As regards the present alga, its sexual reproduction is very 
similar to' that oC Chlorogonium oogamum.^ Here also the entire 
contents of a single vegetative cell are transformed without division 
into a single non-ciliated egg which escapes out of its parent wall 
]jy an aino-dioid movement and is fertilized outside it. However, 
in the present alga, the male gametes, though small, still retain the 
shape of the ordinary vegetative cells, in contrast to the typically 
spennatozoid-likc male gametes of ChloTogoniuM oogetmum. Therefore, 
the present alga should he considered as slightly less advanced 
than €hlorogo 7 iinm oogatnuni in sexual reproduction. 


Eegarding the specific position of the present alga, it is quite 
(liiTi^reiit from' all the other species of Carteria recorded before, not 
only in its morphological features, hut also in having oogamous 
S(‘xiial reproduction. It is therefore best to consider it as a new 
species which may be named as Carteria lyengarii sp. nov. 


Description 


Carteria lyengarii sp. nov. 

Cells ovate- ellipsoid with a broadly rounded posterior end : 
anterior end broadly rounded or slightly truncate : membrane thin ; 
papilla absent; cilia as long as the length ox the body or slightly 
longer; chromatopliore bell-shaped, almost covering the entire cell, 
with a single median pyrenoid placed in the posterior region ; eye- 
spot linear, placed a little distance from the anterior end ; contrac- 
tile vacuoles two, just below the cilia ; sexual reproduction oogamous, 
by the. fusion of a small four ciliated male gamete with a large non- 
ciliated egg ; two, four or eight naked male gametes formed inside a 
cell; male gametes four ciliated, brown in colour, rounded or ellipsoid 
in shape with an eyespot and a small chromatophore with, a pyre- 
noid ; female gametes formed singly by the escape of the entire 
protoplast as a naked egg ; egg non-ciiiate, with an eyespot, two 
contractile vacuoles and a hyaline receptive spot; zygote rounded 
with a tlnck smooth wall. Vegetative cells 20*0-25*0 /x long and 
ir>*'7--20-0/i broad; male gametes 10 -0-11 *7 p, long and 6*7 ft 
broad ; zygote 20d)-21*70/x in diameter. 

Ifahitat . — On moist sand near the water edge in a temporary 
rain-water pool on the sea-coast at Madras, South India. 
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An account is given of tlie sexual reproduction in Carteria 
lyengarii sp. nov. from Madras. The sexual reproduction is of a 
high type in being oogamous and takes place by the fusion of a 
small biciliate motile antherozoid with a large non-ciliated egg, 
which escapes out of its parent wall. This appears to be the first 
record of oogamous reproduction in the genus Carteria. 


In conclusion, I wish to express my great indebtedness to 
Prof. M. O. P. Iyengar, M.A., pIi.d. (Lend.), p.l.s., for his kind help 
and guidance in the preparation of the paper. 
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NOTE TO CONTRIBUTORS 




Only papers written or communicated by Members of the Indian 
Botanical Society are published in the Journal. 

Attention to the following points will greatly assist the Editor and 
ensure early and satisfactory publication ; — 

Manuscripts must be typed with double spacing and on one side of 
the paper only. Authors are particularly requested to revise their manu- 
scripts carefully before submitting them to the Editor. This will reduce 
the corrections in the proof. 

In view of the high cost of publication, contributions should be 
as concise as possible and all unnecessary tables and illustrations 
should be avoided. If the contributions are very long, the authors 
may be required to contribute a portion of the cost of publication. 

Names of genera and species should be underlined and will appear in 
italics. The names of the authors of genera and species should always be 
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Oytological work on the genus Besmodium is limited to observa- 
tions on the chromosome numbers of four species, Kawakami 
(1930) reported 11 n chromosomes in Besmodium perpesium BO. 
Cooper (1936) found the same number in B. grandiflormn (Walt.) 
BO. Eecently Senn (1938) noted 11 n chromosomes in B, canadense 
(L.) BO. and B. tortuosum BO. There is no previous work on the 
embryology of this genus. Buring the present investigation I have 
studied the structure and development of the anther, pollen, ovule 
and embryo-sac of Besmodium gangeiicum BO. The number of 
meiotie chromosomes is also reported. 


Besmodium gangeiicum is a widely distributed species, being 
found throughout India, Oeylon, Burma, S.E. Tropical Asia, China, 
Philippines and Trop. Africa. It is a slender undershrub, usually 
2-4 ft. high. It grows abundantly near Benares and all over the 
United Provinces under the shade of other trees. The white- 
lilac flowers are borne in 6-12" long racemes and appear 
during the rainy season. The plants are employed in Indian 
medicine. 


The material was collected from Benares during the month of 
September 1939, between the hours 12 noon and 3 p.m. on sunny 
days. It was fixed in ATavashin’s fluid for 16- 20 hours, then rapidly 
rinsed in water 4 or 5 times and transferred to 70 % alcohol. Farther 
dehydration of the material and embedding in paraffin was carried 
out according to the customary methods. The sections were cut 
8-12 thick. Slides intended for chromosome study were stained 
with Newton^s Iodine Gentian- violet (Orystal-violet was used 
instead of Gentian- violet). For morphological work the material 
'was stained, with Belafield’^s Heematoxylim 
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Development OF THE Anther ANB Pollen 

Tlie different floral wliorls differentiate in acropetal order. 
Tiie early development of tiie anther is quite normal. At first it is 
quite cylindrical and consists of homogenous ceils, hut as the 
primary archesporium differentiates the anther becomes 4-lobed. 
The primary archesporium is limited to one row of hypodermal cells 
in each lobe {Pig. 1). These cells divide periclinally to form the 
primary wall cells to the outside and primary sporogenous cells on 
the inside (Pig. 2). The former by further divisions give rise to four 
layers of parietal cells (Pigs. 3 and 4), of which the innermost 
develops into the tepetum, the outermost into the fibrous endo- 
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thecium. Tlie two middle layers are crushed during the further 
deyelopment. 

The tapetnm is of the secretion type. The tapetal ceils con- 
siderably increase in size after their differentiation and develop 
conspicuous vacuoles, but they always remain at the periphery of the 
pollen-sac. Generally among angiosperms the nucleus of the tapetal 
cells undergoes one mitotic division at the time of I meiotic division 
in pollen mother cells and the tapetal cells become binucleate. In 
JDesmodium gangetieum^ however, no such division occurs and the 
tax^etal cells remain uninucleate throughout their life. The same 
feature has been observed previously in Fhaseolus vulgaris (Weinstein, 
1926), Lathy rus odoratus (Latter, 1926), Medicago sativa (Beeves, 
1930 ; Cooper, 1933) and Melilotus alha (Castetter, 1925). I have also 
seen permanently uninucloato tapetal cells in TepJirosia purpurea 
and Gyamopsis psoralioides, two other members of the family. 
Uninucleate tapetal cells, therefore, appear to be a common feature 
of the Papilionacese- 

The primary sporogeiious cells undergo approximately two 
more mitotic divisions to develop into pollen-mother cells. These 
show the usual characters. The two meiotic divisions proceed 
normally. At the I meiotic metaphase 11 bivalents are clearly 
seen (Pigs. 5-7). The number of chromosomes in Desmodium 
gangeiimm^ therefore, is the same as in B. perpesium (Kawakami, 
1930), B. grandiflorum (Cooper, 1936), B. canadense and B. tortuosum 
(Senn, 1938). This number is comparatively rare in the Legu- 
minosse, but all investigated species of the genus Desmodium have 
been found to show the same number of chromosomes. Cytokinesis 
takes place by furrowing. The pollen tetrads are mostly of the 
tetrahedral type (Fig. 8). After their liberation from the mother 
cell the young pollen grains develop the usual exine and intine. 
Their nucleus also divides once. The pollen grains are shed at the 
2-nucleate stage (Fig. 9). They show three germinal furrows. 
These characters are common to many Leguminosse (Wodehouse, 
1935 ; Schnarf, 1939). 

Ovule a:sd the Embryo-sac 

The carpel is the last part to differentiate in the flower. The 
carpel primordium is notable for the fact that the cells of the dorsal 
suture and its vicinity lose their meristematic character much earlier 
than the cells of the carped margins. The ovules arise as the result 
of the activity of groups of hypodermal cells on the carpel margins. 
This is at a stage before the carpel margins have met and fused. 
The carpel is vStill open at the ventral sutiire. There are approxi- 
mately 8 ovules in a carpel of Desmodium gangetieum arranged in 
one longitudinal row, the alternating ones coming from different 
carpel margins. The ovule primordia inside the ovary grow at 
flrst quite straight towards the dorsal suture, but even Ixdore the 
integument initials appear, they curve upwards due to greater growth 
on the lower side. Beeves (1930) in 31 edicago sativa noted that the 
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curvature of the ovules is due to mechanical causes. He finds that 

tJio ovules grow quite straiglit till they meet the dorsal wall of the 
carpel. Then their straight growth is checked and they curve 
upwards or downwards. Ko such relation has been seen in Desmo- 
dium gangeticum. The ovules begin to curve upwards (towards the 
Side of the stigma) even before they have come in contact with the 
dorsal wall of the carpel. The mature ovule has a nearly ana- 
amphitropous form (Pig. 21). 

The primordia of the integuments appear simultaneously with 
the formation of the megaspore-mother cell. That of the" inner 
integument appears slightly before that of the outer. Both the 
integuments are at first two cells thick, but the outer integument 
later become^s thicker, particularly near the micropyle. At the 
time of fertilisation through its greater length it consists of 3-4 
layers of cells, while near the micropyle it is 5-6 cells thick. The 
inner integument near the micppyle"is also 3-4 cells thick. The 
outer integument, even though it begins to develop after the inner, 
soon outgrows the latter, and alone forms the micropvle. This is 
a very general feature in the Leguminosai. Boy (1933), however, 
has observed an exception to this condition in Gajanus indieus and 
LatJiyrus sativus. He finds in these species that the inner integument 
is not only much less developed than the outer, but even its pri- 
mer dium differentiates after that of the outer integument. hTewman 
(1933) has reported that in Aoacia Baileyana the integuments are 
poorly developed. The ovule consequently is almost naked. 

There is generally a single primary archesporial cell in the ovules 
of Desmodium gangeticum^ but before the formation of the primary 
wall cell, it is not possible to distinguish this cell from the imme- 
diately surrounding ones. As the primordia of the ovules begin 
to curve upwards, we find the hypodermal cells at the apex of the 
nucellus, numbering 3-5, increase in size and begin to stain diff- 
erently from the other cells of the nucellus (Pig. 10). They also 
possess larger nuclei and denser cytoplasm as compared with the 
other cells. Then Just one of these cells divides by a periclinal 
wall into a primary wall cell and the megaspore-mother cell (Pig. 12). 
This cell may be said to function as the primary archesporial cell, 
though potentially all the hypodermal cells at the apex of the 
nucellus appear to be archesporial. I do not think it proper to call 
this condition as multi-cellular archesporium, though previously 
multicellular archesporium has been noted in a mmiber of Papi- 
lionaceae, —Ficia and TH/oZwm (Martin, 1914), Phaseclm (Brown, 

cell. Pig. 16. An ovule showing linear tetrad of megaspores, of which the 
three micropylar megaspores are degenerating. Pig. 17a. A nucellus with 
an * inverted T-shaped ’ tetrad of megaspores. Fig. 176. The tetrad seen 
in 17a is shown on a larger scale. Pig. 18. A yoimg 8 -nucleate embryo- 
sac. Pig. 19. Mature embryo-sac. The antipodals have degenerated 
and the polar nuclei have fused* Fig. 20. Synergidae from another embryo- 
sac shoving hooks and ' filiform-apparatus’. Pig. 21. Apical part of a 
longitudinal section of the ovary showing an ovule at the 8 -nucleate 
embryo-sac-stage. Pig. 16, x 360 ; Pig. 176* x 1200 ; Fig. 21, X 150; 
theTest, 'X "750. 
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1917), and Medicago (Beeves, 1930). la one case a sub-hypodermal 
coll also lias beea seen to have all the characters of the archesporiam 


(Fig. 13). Often a row of two or three ‘ supporting cells ’ is seen 
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below the megaspore-mother cell, but this may be distinct even 
from the archesporial stage (Fig. 11). Perhaps such a row arises 
from the division of ‘ archesporial-like ’ sub-hypodermal cell shown 
in Fig. 13. 

The raeiotic divisions in the megaspore-mother cell take place 
in the normal manner. At the end of the first div^ision a transverse 
wall is laid, so that two dyad cells are organized, of which the micro- 
pylar is smaller than chalazal. Tliis is due to the position of the 
nucleus of the megaspore-mother cell. This is always situated near 
the micropylar end of the megaspore-mother coll. ' At the end of 
second meiotic division again two transverse walls are formed, so 
that a linear tetrad of megaspores results (Fig. 16). In one excep- 
tional case, however, after the second meiotic divisio.n the chalazal 
dyad was found to have divided by a longitudinal wall. Thus an 
‘ inverted T-shaped tetrad ’ had resulted (Fig. 17« and b). This 
typo of tetrad is know'n in several Onagraceae, where the micro- 
pylar megaspore is the functional one and the embryo-sac is of the 
Oenothcra-trpQ (monosporic 4-nueleate). It was " observed by 
Johanstiii (1931a and 6) in Anogra paUida and Zauschneria latifolia 
tor tho hrst time. Later Maheshwari and Gupta (1934) reported 
the occurrence of X -shaped tetrad in Lvdwigia parviflora. Last 
year, Kajale (1940) reported one instance of this type of 
tetrad in Ogathula tomentosa (Amarantaceas), a form possessing 
normal type of embryo-sac. Three other instances are mentioned 
-j Maiieshwan (1941), namely Drimiopsis maeulata investigated 
by Laranow, lacca niridis studied by Paetow and Styrax oMcinalis 
recently inve.stigated by Copeland. ^ 

tn. Lbguminosffi in some species the chalazal megaspore is 

the functional one ; m others it is the one next to it (Guignard, 1881). 
\ ariation is found within the same genus, e.g., Cassia (see Summary 
of literature by Batta, 1935); sometimes even within the same 
species, e.g., AlUnzia Lebbeic (Maheshwari, 1931). In Desmodium 
g ngeticuin, however, always tho chalazal megaspore AVas found to 
develop into the embryo-sac. The three liiopvlar megaspm^^^ 
degenerate, though their traces are visible up to*^ the 2-nucleate 
stage of the embryo-sac In the case of the ovule wHli i -Iha?ed 
tetrad of niegaspores, it appears probable that one of the ?wo 
chalazal megaspores develops into the embryo-sac. As seen in 
Iig.li , it has considerably increased in size and developed the polar 
vacuoles to form a uninucleate embryo-sac. Further develonment 

plaBin md tho imckms aro pr^SBed to^vwirdB tho chala 7 al onrl tiia 

egg nucleus is larger than those of the synermd* fFit; Tol' S! 
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half. The cytoplasm is mostly found in the micropylar half. The 
nucleus is situated just above the vacuole. The synermdiE are 

advanced stage clearly shov the 
filiform appa'^atus ’. The antipodals degenerate early. This 
condition has been reported in many other Papilionaceae and seems 
to bo characteristic of the family. Both the polar nuclei move to 
the centre of the embryo-sac and there they fuse at an early stage. 
Tiib SGconuSiry nuclous tliGn niov6s to tlio noiglilDOiiTboocl of tliG 
apparatiis and rGinains tlioro till tlio timo of fortilisation. ^ 

The mature embryo-sac appears nearly lanceolate in longitudinal 
section at the time of fertilisation (Fig. 19). The broad end faces 
the micropyle of the ovule. During its growth it destroys almost the 
whole of the nucellus, so that the micropylar end of the embryo-sac 
at the fertilisation stage is covered only by one layer of cells the 
^idermis of the nucellus. Tliis feature is also seen in many other 
Papilionace®. " 

SiTMMAEY 

The development and structure of the anther, pollen, ovule and 
embryo-sac and the number of chromosomes in Desmodium qanqe- 
ticum DO. have been investigated. 

The primary archesporium in each anther-lobe is limited to one 
hypodermai row of cells. The tapetum is of parietal origin and of 
the secretion type. The tapetal ceils remain l-nucleate. Mature 
pollen grains are 2 -nucleate and possess 3 germinal furrows. The 
haploid number of chromosomes is 11. 

The ovules are ana-amphitropous 'with the micropyle pointing 
up'^ards. The latter is formed only hy the outer integument. There 
is generally a single archesporial cell, -which cuts off a parietal cell. 

The parietal tissue is rather poorly developed. It consists of 
3-4 layers in the early stages, but is all destroyed bv the growth 
of the embryo-sac, so that at the time of fertilisation the embryo- 
sac at the micropylar end is covered onlv by the epidermis of the 
nucellus. 

The megaspore-mother cell gives rise to a linear tetrad of mega- 
spores, but in one instance an ‘ inverted T-shaped ’ tetrad was seen. 
The chalazal megaspore develops into the embryo-sac according to 
the iTormal-type. The synergidae are hooked and possess the ‘ fili- 
form apparatus ’. The antipodals degenerate early. 

In conclusion I -wish to express my heartfelt thanks to Dr. A. 0 
Joshi for his kind help and encouragement during the investigation. 
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STUDIES IN THE PROTEACE^ 

VI. Structure and Development of the Seedling of 
Grevillea robusta Cunn. 

By S. B. Kausik 

Department of Botany, Central College, Bangalore 
(Communicated by P. Mabeshwari) 

Beceived for publication- on July 28, 1941 

Ba^'croft (1930), in discussing the arborescent habit in angiosperms 
gives a review of seedling structure in the different families. No 
leierence to the Proteacese is lound in this review, and there seems 
to be no work on the seedling structure of this family apart from a 
very general account of the external morphology given by Lubbock 
in 1892. The present work on Grevillea robusta Cunn. was there- 
fore, uiidertaken to All this gap at least partly. 

Material and Methods 

The seeds were collected locally from several plant.s. Some 
were sown in ordinary garden soil under greenhouse conditions 
while others were germinated in sterilized saw dust in the laboratory! 
In both cases the germination was satisfactory. The seedlino's 
grown in saw dust were mainly used for observing the germination 
stages, as well as for preparing serial microtome sections. The 
seedlings raised in garden soil were used for cheeking the results so 
obtained. 

The material for sectioning was killed in Bouin’s fluid and some 
was also preserved in formalin-acetic acid-alcohol. Serial transverse 
and longitudinal sections, cut at various selected levels in the seed- 
ling, were used to study the vascular structure ; many freehand 
sections were also examined. Microtome sections were cut from 
WtolSTi in thickness and were all stained in alcoholic safranin ; 
for contrast some sections were counterstained with light green dis- 
solved in clove oil. 

Germination and Development op the Seedling 

The seed of Grevillea robusta is thin and flat and contains a large 
embryo with two cotyledons each of which is provided with two 
basal lobes, the auricles (Pig. 1). The time required for germina- 
tion is a long one, about a fortnight. During this period, the seed 
swells somewhat and the seed-coat becomes slightly softened. Gradu- 
ally the radicle curves slightly towards one side of the seed, usually 
the dorsal (Pig. 2), and by further growth forces open the seed-coat 
2 
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along the edge (Pig. 3). At this time the hypocotyl shows a knob- 
like swelling at the base which persists in the developing seedling 
(Figs. 4, 7~11). This swelling (which may not, how^ever, be equally 
pronounced in all the seedlings) plays an important role in forcing 
apart the seed-coat into two flaps extending from the micropyle 
dowmwards (Figs. 12 u, 12 b). The part of the hypocotyl above the 
basal swelling now begins to elongate rapidly and at the same time 
lorins an arch at the top (Fig. 7). The basal portion of the hypo- 
cotyl suddenly slips out of the seed-coat (Pig, 4) and the subsequent 
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growth of the hypocotyl takes place mainly between the basal s-well- 
ing and the upper arch. The growing seedling thereby gradnally 
brings the cotyledons, still held within the seed-coat, Tery near the 
surface of the soil (Fig. 13). After this the arch straightens and the 
i cotyledons are pulled above the soil with the seed-coat left behind. 

I In some cases, when the seed is sown in the soil in a vertical position 

with the micropyle pointing downwards, the cotyledons, still retained 
within the seed-coat, appear above the soil at the end of a more or 
less upright hypocotyl in which the arch is apparently not formed 
at all previously (Fig. 14). 

Soon after the cotyledons appear above the ground after dis- 
carding the seed-coat, they become deep green in colour and diverge 
I from the node. The young epicotyledonary shoot, which at first 

lies concealed between the two cotyledons (Fig. 8 a), begins to grow 

r rapidly. The leaves of this shoot arise according to a two-fifths 

spiral phyllotaxy. 

^ The knob-like swelling at the base of the hypocotyl consists of 
radially elongated cortical cells and is evidently a localized cortical 
growth. It attains its maximum dimensions in some cases when 
the seeds germinate in a more or less flat position (Fig. 12 a, 12 b, 
13), while in other cases, when the seeds are sown in any other position 
(Figs. 14, 15), it is considerably reduced in size or may even be 
absent. Further, its formation depends largely on the nature and 
the direction of stimuli operating during germination and the dev- 
elopment of the seedling. 

This basal swelling of the hypocotyl appears to have the same 
Idle as that of the peg ” in the Cucurbitaceje. In Citmllus milgaris 
Shrad., Huflord (1938) states that the formation of the peg is rather 
variable, depending on the position in which the seeds germinate, 
and that it is a cortical structure developed in accordance with the 
direction of the stimuli which initiate it 

Another interesting feature of the seedling of Gremllea rohusta 
is that the cotyledons often persist even till very late stages. They 
were seen in seedlings which were as old as six months, though,' 
^ they vrere almost in a wrinkled state and about to fall away. 

The Pkimauy Root 

The primary root has a tetrarch radial vascular cylinder with 
a large pith in the centre (Fig. 16 <7). In transverse sections the 
four groups of centripetally developing xylem are seen arranged 
diagonally with reference to the cotyledonary and the intercoty- 
ledonary planes, and the phloem groups occupy the alternatiiig 
radii (Fig. 21). In early stages of root development, the ])hloem 
consists merely of uniform parenchymatous cells, but later the 
differentiation into the sieve tubes and the companion cells becomes 
evident. Outside the alternating groups of xylem and phloem, 
there is a two to three layered pericycle wiiieh is surrounded by the 
endodermis. The latter is easily recognisable by the presence of 
the eliaracteristie Casparian thickenings on the radial walls of its 
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cells (Fig. 21). The cortex consists of about eight to ten layers of 
cells surrounded externally by the epidermis, iVs the root grows 
older the outer cortical layers become suberized and slough away. 

In a longitudinal section of the root, the apex is occupied by a 
common meristem from which all the cortical and stelar tissues are 
formed (Fig. 22). This meristem lies in a horizontal plane and has 
the appearance of a very shallow bowl with the sides slo|)ing up- 
wards gently. Cells are cut off to the inside, as well as to the outside 
by this meristem. Of the cells cut off towards the inside, those that 
are formed from the bottom of the bowl give rise to the central 
cylinder, while the others formed from the sloping sides contribute 
to the formation of the cortex and epidermis. The epidermis and 
the regularly arising rows of cortical cells can be easily followed from 
the meristem in proper median sections. The cells that are formed 
towards the outside of the meristem give rise to the root- cap in which 
the arrangement of cells is seen to be somewhat regular only for a 
short distance from the meristem, while it is very irregular at the tip 
of the root (Fig. 22). 

Development of the Seconbary Boot 

The secondary root develops opposite one of the xylem points 
of the primary root (Figs. 16 h, 24) and shows the same organization 
of tissues. In the formation of the secondary root some of the cells 
of the pericycle opposite the ^protoxylem begin to divide tangentially 
(Fig. 23) to form several layers of regularly arranged cells, wliieli 
further undergo radial divisions. The cells so termed constitute 
the initials of the secondary root in which the differentiation into the 
central cylinder with rows of elongated cells, the cortex, and the 
epidermis becomes very soon evident (Fig. 24). In the nieanwliile, 
the cells of the endodermis in the primary root also divide in both 
tangential and radial planes to form a series of cells which const i- 
tixtes a temporary ” root-cap for the secondary root. An apical 
meristem is formed in the young secondary root in the same manner 
as in the mother root and further growth takes place by the activity 
of this meristem (Fig. 24). The secondary root grows in length by 
penetrating through the cortex of the primary root and finally emer- 
ges out by rupturing the epidermis. 


hypocotyl at the cotyledonary node to show the formation of secondary 
structures in the hypocotyl strands. Figs. IS & 19. Diagrams of trans- 
verse sections of the cotyledonary node at two slightly different levels to show 
the two large arcs of epi cotyledonary vascular system lying in the intercoty- 
ledonary plane. Fig. 20. Flan of the epicotyledonary shoot to show the 
sec|uence of the leaves in a two-fifths spiral phyllotaxy and the formation 
of leaf gaps and leaf traces. In all the figures the vascular strands are 
shown in the different x>nrts of the seedling in the same positions with refer- 
ence to the cotyledonary and tlic intercot yiedonary planes as indicated })y 
the cross at the right-hand top corner of page. 

Cot 1. Cotyledon 1; Cot 2, Cotyledon 2; Cot Cotyledonary plane ; 
Int, Cot Ft, Intercotyledonary plane ; Bpicot sh., Kpi cotyledonary shoot ; 
■B.C., Boot-cap and Secondary root. ' 
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STUDIES IN IHE EBOTEAGE^-Vi isi 

The Transition Eegion 

The changes involved in the transition from root to stem struc- 
ture are clearly seen in transverse sections at the base of the hypo- 
cotyl where the knob-like swelling develops (Figs. 16, 25). This 
region of transition is a fairly short one and constitutes the so-called 
_ collet . The lour groups of xylein and phloem are subiected 
here to certain changes which involve splitting, fusion, and reorienta- 
tion^ to give rise to the collateral endarch condition in the stem. 
During transition, the xylem strands do not split, for, at no stage 
is there seen an actual doubling of the number of xylem groups. On 
the other hand, each group assumes a “ V ’’-shaped appearance in 
transverse sections as soon as the transition level is reached the 
metaxylem forming the two limbs of the letter and the protoxylem 
occupying the apex. At a slightly higher level, the two metaxylem 
amis swing tangentially towards the outside (Pig. 25), and at a still 
higher level are seen approaching each other. Pinallv the two arms 
fuse together outside the protoxylem to give rise to the typical 
endarch condition. The xylem strands thus occupy the same dia- 
gonal planes in the hypocotyl after transition. 

While the movements of the metaxylem arms are taking place, 
the groups of phloem also undergo certain changes. Each phloem 
group of the root splits into two almost equal halves in the region of 
transition (Pigs. 16/, 25) so that transverse sections here show 
twice the number of phloem groups found in the root. These groups 
sometimes lie so close to one another that transverse sections at 
particular levels in the transition region may show an almost con- 
tinuous ring of phloem. At slightly higher levels, the halves belong- 
ing to the original adjacent groups of phloem begin to move laterally 
towards each other so that they form pairs, and finally fuse together 
outside the metaxylem when the transition is completed. The 
change from the radial alignment in the root to the collateral align- 
ment in the stem is effected in this way. 

The mode of root-stem transition described here corresponds to 
the third type of van Tieghem (1891). According to this type, the 
number of vascular bundles in both the hypocotyl and the root is 
regarded to be, the same, transition taking place by splitting and 
subsequent fusion in pairs of the phloem groups. In addition to the 
three types of transition first recognized by van Tieghem, Sargant 
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primax'y and sbowing tlie details of stracture. 


Part of transverse 


section of liypocotyi at the transition region showing splitting and lateral 
movements of phloem groups, the xylem groups becoming “ V ’’-shaped. 
I^ig. 26. Part of longitudinal section of hypocotyl near the cotyledonary 
node to show forking of hypocotyl strands and the subsequent fusion of tiie 
inner limbs to form the midrib strand of tlie cotyledon, the outer limbs form- 
ing the marginal strands. Fig. 27. One of the hypocotyl strands just 
below the cotyledonary node to show the presence of cam bi form cells. 
Fig. 28. The midrib strand of the cotyledon soon after leaving the coty- 
ledonary node. All figures X 200, except Fig. 23. X 400 and .Fig, 20, 
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(1900) found a verj^ rare fourth type. All these types have been 
mentioned by Eames and MacDaniels (1925). 

The Htpocotyl 

The hypocotyl has four diagonally arranged vascular strands 
which are collateral endarch (Pig. 16 d, e). These strands run with- 
out any change throughout the length of the hypocotyl. Towards 
the upper portion of the hypocotyl, especiallv near the cotyledonary 
node, these diagonal strands are not equally spaced but form two re- 
cognizable pairs, each pair being in relation to a cotyledon (Pio-. i6 c 
d). There is slightly more space betweeen the members of the two 
pairs than between the pairs themselves. This is evidently asso- 
ciated vith a slight flattening of the hypocotyl at this region The 
cotyledonary node of the hypocotyl is also interesting in showin<^ 
anastonioses oi the vascular strands. Before the formation of such 
anastoinoses. the members of each pair of the hypocotyl strands 
luik into two limbs, so that tyro roivs oi four bundles each are seen 
towards the two flattened sides of the hypocotyl in transyerse sec- 
tions at this region (Pig. 16 b). The two median bundles of each' row, 
upiesenting the limbs lormed towards the inside bj^ one pair of 
liypocotyl strands, gradually meet together at slightly higher levels 
fpilr ‘^Tt •“‘*1 together to give rise to a single large strand 
• enters the cotyledon on the correspond- 

ing side p its midrib strand. The two outer bundles of the row 

t*y the hypocotyl strands, move out 
at tlK, cotyledonary node and enter the cotyledon to form its two 
marginal strands (Fig. 26). " iirm ms two 

llie hjpocotyl strands at the cotyledonary node display vet 
mother interesting feature ; cambiform cells are seen here betw4n 
flu xylen and phloem (Pig. 27) even in vonng seedl n4 TH^ 
mdieates t hat secondary activity begins in "the hypocotyl brands 

W''nS T^f c"' below JKtvledon 

elements are lomied at the cotyledonary" node vascular 

anv ^ Jiot show 

The Cotyledons 

the hypocotyl strarJrat «ie ‘co^Sra^rnSScT n.aL v^smilar 
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suppueb xo me two cotyledons, consisting in each case of a midrib 
strand and two marginal strands, can be easily made out (Figs. 16 a 
^6). The midrib strand, being formed by the fusion of the two 
01 the hypocotjd strands, appears in transverse sections 
01 the cotyledon almost twice as large as the marginal strands. Its 
double nature is very evident at the base of the cotyledon (Fio^. 28) 
while higher up, its two components may practically be so intimatelv 
associated together that its larger size alone must be suggestive of 
this lact. The three main strands of the cotyledon form numerous 
branches which ramify in the tissues of the cotyledon. In 
addition, each marginal strand gives rise to a large branch at the 
base or the cotyledon which immediately curves down sharply and 
enters the basal lobe of the cotyledon on the corresponding side 
(Fig. 16, 16 c). 


Figs. 29-30. — Figs. 29 & 30. Sections of cotyledon at two stages in the 
differentiation of its mesophylL x 120. Figs. 31 & 32. Parts of lower and 
upper epidermis respectively to show the arrangement of cells and the stoma. 

"90. Rg. 33, A stoma of the lower epidermis in section. X 600. 
Fig. 34. ^Oiiter layers of cells of the hypocotyl in an old seedling, x 200. 
Fig. 3a. A vascular strand of the hypocotyl of an old seedling showing the 
development of secondary structures ; the sclerenchymatous fibres are formed 
by the phloem. X 400. 
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As soon as the cotyledons become epigeal they appear quite 
green in colour. At first there is only a slight differentiation of the 
mesophyll into the palisade and spongy tissues, the cells in both 
being rather compactly arranged (Fig. 29). In slightly older coty- 
ledons the differentiation becomes very marked and large air spaces 
are seen in the spongy tissue (Fig. 30). Some smaller air spaces 
are also seen here and there in the palisade layer, especially near the 
.^toniata. The palisade tissue has two layers of columnar cells 
while the spongy region shows many more layers. ’ 

The cells of both the upper and the lower epidermis are irregular 
in outline presenting a mosaic-like appearance (Figs. 31, 32). 
Stomata are present in both the layers, but are more numerous per 
unit area, also slightly larger, in the lower than in the nnner eni- 
dennis (Figs. 31, 32). ^ 

The Epicotyl 


i^o extensive studies of the epicotyledonary shoot were made 
other than merely to establish the nature of its vascular connections 
at the cotyledonary node. The epicotyledonary shoot begins to 
grow rapidly as soon as the cotyledons leave the seed-coat and appear 
above the surface of the soil. The primary vascular structures of 
this shoot first arise in the form of distinct groups of provascular 
tissues which descend into the cotyledonary ' node. These "toups 
are not_ continuous with the hypocotyl strands, but lie between 
them with some amount of parenchyma intervening. Two of these 
groups are much larger than the other two and are found in the 
i'onn of two arcs, one on each side of the hypocotyl in the intercotv- 
ledonary plane (Pig. 16 b, e). The other smaller groups are found 
towards the flattened sides of the hypocotyl in the cotyledonary 
plane (Ing. 16 6, c).^ In older seedlings these groups of epicoty- 
iedonary vascular tissue become connected to the four hvnocotvl 
strands when secondary vascular structures are formed at the cotv- 
hdonary node. As secondary growth proceeds further, the vascular 
cj Under oi the epicotyledonary shoot is seen in the form of two semi- 
circular arcs on either side in the intercotyledonary plane (Pigs. 18 
tli^ shoot this cylinder becomes ring-like and at 
a_ horse-shoe appearance on account of a 
the vascular supply to the first 
leat (lug. 20). Soon after this the gap again closes, but reappears 
at every succeeding node when a leaf is formed according to a^wo- 
fitths spiral phyllotaxy (Fig. 20). to a two 

differmt course of the vascular strands in the 

Uifftruit parts of the seedling and also the relationship of the eni- 

rip hypocotyl strands Le shotnTn 

h’ig. 16. Outlines of transverse, sections 
of the seedling at various selected levels are shown in Fi<^ 16 a to h 
marked correspondingly in Pig. lo. ^ to h 


CoNcursioxs 

Thomas (190<) discusses the nature of the median strnnd m* iIiq 
and pomu out that 


1 



STUDIES IN THE FROTEAGEm—YI 

either as too widely separated entities, or s 
mated as to have the appearance of a single strand " 
Kimmell, 1936). In GrevUlea robusta the median sLxtm 
to be single, but is nevertheless twice as large as the two 
strands of the cotyledon. J ’ 

of the cotyledon, and still lower, 
approximation together and fusion 
strands can be easily followed. T 

•J — uv/iilVJ 

hypocotyl strands at the cotyledonary node seem to nlav 


SO closely approxi- 
(cited from 
strand appears 

o -.^0 marginal 

its double nature is evident at the base 
' at the cotyledonary node, the 
of two bundles of the hypocotyl 
Further, the anastomoses of the 

j , , , « ^ tj — an impor- 

tant part in the lormation oi the main vascular supplies of the cotv- 
ledons. 

Bancroft (1930) states that from the extensive work of Miles 
Ihoinas (1923) ‘ it appears that the variations in seedling anatomy 
are not due to difference in basal plan, but to the varying behaviour 
or a common fundamental unit of vascular structure and its asso- 
ciated strands Despite this many modifications of the vascular 
strands are met with in the cotyledons and the hypocotyl ; from the 
different behaviour of these strands at various levels below the coty- 
ledonary node certain types of root structure result. These types 
are rererable to the cruci^oT'tfi and the d^iuyoyidl plans. The former 
type is met with very commonly, while the latter type occurs only 
in a very few cases. Important modifications of both the types 
occur depending on the number of root poles. Davey (1916)' Ms 
shown that both the cruciform and the diagonal types are found 
in the several groups of the Amentiferas, of w'hieh the Fagales show 
a wide range of root structure and also transition from one type to 
the other. In the order Ebenales, again, both the types occur 
according to Miles Thomas (1923), diagonal tetrarchy being found 
in the Sapotacese and in some species of Diospyros belonging to the 
Ebenacese. In the Ranales the root symmetry is diagonal tetrarch 
in the Calycanthaceae only. 

Holden and Bexon (1923) find that a lateral concentration of 
the strands of the cotyledons takes place at the cotyledonary node 
in Acer pseudoplatanus and state that as a consequence of this the 
hypocotyl shows a diagonal arrangement. They further remark 
that this arrangement continues throughout the hypocotyl and that 
a cruciform condition results only when the vascular strands enter 
the root. They regard the diagonal arrangement to be an evolved 
condition from an original cruciform one, and suggest that the seedling 
structure in Acer is only a preliminary stage which culminates in 
the final establishment of a diagonal root symmetry seen in certain 
cases in some angiosperms. Holden and Clarke (1926) remark that 
variations in hypocotyl structure are due in great measure to 
“linkage, fusion or independence'’ of the components oi the coty- 
ledonary vascular system. 

In the case of GreviUea robusta the main vascular system of 
the cotyledons is so related to the cotyledonary node that anasto- 
moses occur here and the hypocotyl shows a diagonal arrangement 
which continues down to the base of the hypoeotvi without anv 
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change. At the region ot transition the four xylem groups con- 
tinue their courses further down without change in position so that 
the root vascular structure retains a diagonal tetrarch condition. 
ConsequentlVj transition takes place here by splitting and fusion of 
the phloem groups. The present study has. therefore, brought to 
light one more instance of the rare diagonal structure of the seedling. 

Another interesting feature met with in the seedling of 
GndUia robusta is the formation of a knob-like swelling at the base 
01 the hypocotyl where transition takes place. Its function is 
presumably similar to that of the ‘^‘peg” found in the Gncurbitacese. 
The formation of tlie knob-like swelling is, however, rather variable. 

In conclusion, it may be stated that w'hile characters of seed- 
ling structure are often regarded to be of phylogenetic value, there 
are numerous cases where correlations can be made only with extreme 
caution. In the case of the Leguminosa?, however, the very com- 
prehensive work of Compton (1912) has revealed the fact that the 
root structure in tlie family is very constant, especially in the sub- 
families Mimosoidea^ and Csesalpinioideae, and also in the tribe 
Pliaseolea^ belonging to the subfamily Papilionatse. His work 
also shows that tliere are correlations between the mature plant habit 
and the seedling on the one hand, and between the latter and a 
particular type of root symmetry on the other. Bancroft (1930) 
remarks that while they may be so only in certain restricted circles, 
as the Leguminosie, “ no general rule can be laid down for the whole 
angiosperms However, it would be of interest to find out if any 
uniiormity in seedling structure prevails in the Proteacese. This 
can be clone only^after a number of representative genera are studied, 
and the results of such studies will probablv also throw some light on 
the systematic position of the family, 

SUMMAEY , 

The paper deals with the vascular anatomy of the seedling in 
Urevillea robusta Cunn. 

Tlie lime required for germination is a long one, as much as a 
lortmght. 

lu some seedlings the base of the hypocotyl shows a knob-like 
welling, while in others it is either very much reduced or even absent, 
ihe swelling is a localized cortical growth formed in accordance 
with the nature and direction of stimuli which initiate it. Its maxi- 
nuiin devi'bpment is seen when the seeds are germinated in a flat 
position. It IS helpful in the opening of the seed-coat during germi- 
nation m the same way as the “ peg ” formed in the Cucurbitacese. 

The root shows in transverse sections a diagonal tetrarch vascular 
i?v n iwnount of pith. The pc'ricycle has about two 

lajeis 01 cells, and the endoderrnis can be clearly seen with the 
t, aspanaii tluckenmgs formed along the radial wails of the cells. 

The ape.x of the root has a common meristcm which appears in 
tjie form ox a shallow bowl in longitudinal sections. Ttiia m AY*! Cj-f cim 
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gives rise to the cortical and stelar tissues to the inside and to a well 

developed root-cap towards tlie outside. 


The secondary root arises opposite one of the protoxvlem noints 
of the primary root. Some of the cells of the pericycle and endo 
dermis in the primary root divide in tangential and radial nlanps 
to give rise to the secondary root. The cells formed bv the pericvcle 
give rise to the cortical and stelar tissues, while those formed bv the 
endodermis develop into a “ temporary ” root-cap for the secondarv 
root. Very soon an apical meristem is formed in the secondarv root 
and further growth tabes place by the activity of this meristem 


The transition region is located at the base of the hypocotvl 
where the knob-like swelling is seen. During transition the 
phloem groups divide and the halves belonging to adjacent ^rouns 
reunite in pairs outside the xylem. In the xylem groups there ?s onlv 
a re-orientation of the protoxylem and metaxylem elements durin'o' 
transition. ' 


Thehypocotyl shows four collateral endarch bundles in transverse 
sections. Very near the cotyledonary node these bundles shoV 
carnbiform cells, thereby indicating that secondary activitv com- 
mences very early here. - 


Anastomoses are formed between the hypocotyl strands at the 
cotyledonary node, alter which the main vascular sirpplies of the 
two cotyledons are formed. There are throe main vascular strands 
in each cotyledon, a midrib strand and two marginal strands. The 
latter form branches to suiiply the basal lobes of the cotvledon 
namely the auricles. • » > 


The primary vascular structures of the epicotyledonary shoot 
are not at first directly connected to the hypocotyl strands but 
become so only later after secondary activity commence.s at this 
region. The growth of the epicotyledonary shoot is rapid and its 
leaves are borne according to a two-fifths spiral phyllotaxv. 

In conclusion, it is my pleasant duty to thank Dr. P. Maheshwari, 
Dacca University, for kindly reading through this paper, and Pro- 
fessor M. A. Sampathkumaran, Head of the Department of Botanv 
University of Mysore, for the many courtesies and kind encourk'n-’ 
ment during the course of this work. ' 
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Very little^ is known at present about tbe floral morphology of 
inembers oi the Oleace^e. There is some record of embry domical 
observations on the family, but little is known about the vascular 
anatomy oi the flower. There are only two earlier papers which 
say anything about the floral anatomy of this group. Eames (1931) 
theory of carpel polymorphism deals casually 
with the vascular supply of the gynoecium of Syringa and ForsytJiiae 

morphology of Olea europea has 
briefly described the anatomy of the flower and fruit. A preliminary 
myestigation of some members at Benares showed that there are 
many interesting features to be discovered in this field ( Joshi and 
Fotidar, 1940).^ This is the reason for continuing these investiga- 
j previous paper by the writer in this journal (Fotidar, 
1939) dealt with the course of primary vascular bundles in the vege- 
tative stem of Nyctanthes arbor-tristis Linn. The present contri- 
bution deals with the floral anatomy of the same species. 

The small^ trees of Nyctanthes arbor-tristis, which are common 
throughout this country, bloom from August to October. The 
fragrant flowers are nearly sessile and borne in small, pedunculate 
bracteate heads, _ forming terminal trichotomous cymes. They 
open during the night and fall to the ground by early morning. The 
calyx has an ovoid- cylindric shape and a nearly truncate margin, 
(mrollads salver-shaped, with a cylindric orange-coloured tube and 
6-8 white obcordate spreading imbricate lobes. The two stamens are 
attached close to the top of the corolla-tube and are nearly sessile. 
The ovary is bilocular, with one erect anatropous ovule in each 
loculus, arising from near the base. It is topped by a cylindric 
style, ending in a shortly bifid stigma. The fruit is an orbicular, 
dorsally much compressed structure, which splits when rine into 
two one-seeded parts. ^ 

Material for the investigation was collected at Benares from 
one of the trees growing in the Hindu University grounds. It was 
fixed, embedded in paraffin and microtomed accorffing to the custom- 
ary rnethods. Several combinations of stains were tried, but a 
combination of Safranin and Delafleld’s IlaBmatoxylin was found 
most satisfactory. Flower buds alone were employed in the iuvesli- 
gatiou except for the vascular anatomy of the ovule. Some seeds 
were also studied for the latter purpose. The particular floM'cr 
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is slightly dilferent from that of the foliage leaves. The vascular 
supply of a vegetative leaf consists of a large arc-shaped central 
bundle, with a small bundle on either side. The bracts possess at 
their base and midrib an arc of 3-5 bundles of nearly equal size. 
Otherwise the origin of bract traces is very similar to that of foliage 
leaves. Figs. 1-3 illustrate the departure of vascular traces from 
a peduncle to the last pair of bracts. Above this level the very short 
pedicel of the almost sessile flowers is seen. One of the bracts in 
ihg. I5 the upper one, shows in its axil the departure of a vascular 
trace for an axillary flower, which has not developed. The pedicel, 
after the traces to the last pair of bracts have been given off, shows 
a structure, which again closely resembles that of the vegetative 
stem. It shows a central ring of bundles and four inversely orientat- 
ed cortical bundles (Figs. 2 & 3). The only noteworthy feature 
is tliat very commoniy the four cortical bundles are not equally dev- 
eloped on the two sides. Very often .bundles on the side away from 
the parent axis are better developed than on the other. Thus the 
cortical bundles on the upper side in Figs. 2 and 3 are large, well 
different iated into xylem and phloem, show their orientation 
clearly and continue into the thalamus up to the level of the sepal 
traces, while those of the lower side are small, undifferentiated into 
xylem and phloem and soon fade out in their course towards the 
thalamus. One of them has already disappeared in Fig. 3, even 
before the separation of the bracts from the floral axis. 

Va>scular Supply op the Calyx 

The vascular supply of the calyx and corolla in Nyctantlies 
shows much irregularity and the number of traces coming out from 
the thalamus stele and supplying these parts is not quite definite. 
The vascular supply of the calyx in the flower sketched in the above 
illustrations consists of eleven main traces (Fig. 4). These 
vary a great deal in their size, some being much larger than the 
others. Lach leaves a separate gap in the axial stele, breaking it into 
a ring of eleven collateral bundles of unequal size. Some of these 
traces remain undivided. Othei^s, as can be seen from Fio*. 4, 
divide immediately after their origin from the stele into two or three 
branches. The cortical bundles of the pedicel, which run into the 
thalai3ius, now merge into the calyx traces. Two of them are seen 
m Fig. 4 lying close to two calyx traces. At the level of Fig. 5, 
they have united with the latter and disappeared. All the calvx 
traces divide into 30-40 bundles before the separation of the calyx 
trom he thalamus (Figs. 5-11), and these run right up to the end of 
tiie truncate calyx^ (Figs. 12-19). The calyx traces and their 
DraiiclH»s liave a collateral structure throughout their length. 

Vascular Supply op the Corolla 

AUer the departure of the calyx supply, the left in tlie 
urf '/f rweptacleby the smaller calyx traces ehjse up, but those 

ml doo. receptacular stele 

n>w docs not form a complete ring, but is broken into four or five 
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separate bundles (Figs. 5-8). These are quite large and roughly 
»arC“Shaped. Six traces are now given off, corresponding to the 
number of the corolla-lobes in the flower, each leaving a separate 
gap in the vascular ring (Figs. 5-8). These traces show a concen- 
tric structure, consisting of a central strand of xylem surrounded 
by phloem on all sides. Further, like the calyx traces, they do 
not all behave in the same manner. Some of them pass "out- 
wards as they^ are. Others divide into two, three or four bundles 
immediately after their origin. The vascular ring of the thalamus 
after the departure of this second whorl of traces, — ^they are not 
merely corolla traces, — ^becomes weak and consists mainly of undif- 
ferentiated procambial elements. The six concentric traces divide 
to fornv approximately twenty bundles, arranged in a ring within the 
circle of calyx bundles (Fig, 9). These bundles at the level at wliicli 
the stamen traces are given off divide rather in an irregular fashion, 
some transversely, others longitudinally (Figs. 10-13). This 
results in the formation of two rings of bundles. The outer one 
supplies the petals, while the inner one forms a part of the carpellary 
vascular system (Fig. 14). As soon as this division between the 
corolla traces and the carpellary traces has occurred, these bundles 
lose their well differentiated concentric structure. They are now 
W'eakly developed and consist only of undifferentiated elements. 
Those going to the corolla are particularly poorly developed. As 
they pass through the corolla-tube, W'hicb is very thin and closely 
appressed to the calyx (Figs. 15-19), the weak corolla bundles 
divide still further. Thus a very large number of very flue vascular 
strands is formed, and ultimately each corolla lobe "receives about 
ten very small bundles. 

Vasgitlae Supply of the Stamens 

The stamen traces arise from the receptacular stele after the 
departure of the dorsal carpellary traces. The origin of tlie latter is 
described later. After their departure the stele of the thalamus 
gives off two large traces, one on either side, opposite to each other 
(Figs. 9-11). These, like the conjoint corolla and carpel traces, have 
a concentric structure. After their origin they pass out into the 
corolla-tube, running through its greater length without any eliange, 
except that they lose much of their difierentiatimi (Figs. 12-19). 
They pass out into the two sub-sessile epipetaious stamejis about the 
level of the stigma, each stamen being supplied by one of them 
'(Figs. 18 & 19), , 

Vascular Supply of the Gtnckgium 

When the corolla traces have departed, the vascular cylinder 
of tiie floral receptacle gives off a large number of small traces on 
two sides (Figs, & 10). They are situated in a plane at right 
angles to that lontusl by the staminal traces and their number on 
either side varies from about six to eight. They are poorly dif- 
ferentiated and gradually merge into the bundles cut off towards the 
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inside by the cojoUa traces. Together these constitute the main 
raseular supply or the wall of the ovary or the dorsal vascular supply 
of the carpels. ' ^ ^ 


Idff. 20, d-j Nyctanlhes arhor-trist. 
a sm! ftx.m its base to the apex to i 
; integumentary vascular system. 
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FIOBAL ANATOMY OF N’TCTANTHES 


At the IcTel the t^^o stamen traces are given off 

cylinder, which is now transversely much’ con 
I ^7° Pa-irs of concentric vascular bundles 

+ ^ some distance very close to the 

of. the receptacular stele continue upwards 
as strands or undifferentiated vascular tissue. Higher uii these 
break into about five pairs of vascular bundles (Pig. 12). The two 
concentric traces may give off a few branches which pass 
into the dorsal wall oi the carpels, but ultimately they merge into tL 
five pairs 01 ventral bundles and all of them unite togeSS to form 

^?ve off f fJwT f These broad strands 
W Jit hiif irom their ends, which run into the ovary 

wall, but they mainly supply the ovules. Bach sends out a large 

(T'igs. 14 & 15). After the departufe 
Wie ovular supply, the broad ventral strands again break un into 

Tass out to the dorsal 

side 01 the paipels. Only one or two or them remain in the ventral 

position (I igs. le & 17). Ho further changes occur till the base 

in th A reached. Just below it, the various vascular bundles 

rPiv towards one another and unite 

th?stvle " TUiA«fSl^f continue into 

t e stjle. These also fade away as we reach the stigma (Pig. 19). 


Vascular Supply of the Ovule 

is complicated 

by the prolific development of integumentary vascular system. 
Theretore, it was thought worth while to trace it in a detailed 
manner and it is fully illustrated in Pig. 20. To begin with each 
ovule receives a single crescent-shaped vascular trace (Pig. 20 a.). 
This soon lorks into two (Pig. 20 b). These branches then divide, 
and some oi the branches pass out towards the other side of the 
ovule (Pig. *.0 e, d). At this level the ovule is more or less com- 
pressed and has a number of ridges and furrows on its surface. 
These ridges correspond to the vascular strands inside. The single 
integument IS quite massive. The vascular bundles ramify copiously 
through this integument. A mature seed about its middle shows 
approxiinately 25-30 such bundles (Pig. 20 e). Higher up these 
bundles begin to approach one another and fuse in an in-eo-ular 
manner (Pig. 20/, h). Some of the smaller ones fade away. Only 
the larger ones continue into the apex of the ovule and gradually 
these also unite to form two strands (Pig. 20 i & j). Pinallv, these 
also disappear. j-, «.ac 


Summary 


_ The floral peduncle and the short pedicel of Nyetanthes arbor- 
tristis agree with the vegetative stem in possessing four inversely 
orientated cortical vascular bundles in addition to the normal rin<^ 
the number and behaviour of the calyx traces is not very definite 
There are about eleven original traces of unequal size and these 
divide irregularly to lorm about 30-40 bundles. The number of 
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corolla traces is the same as the number of corolla-lobes. These 
are conjoint at their base with some of the dorsal carpellary traces. 
The corolla, stamen and some of the carpellary traces are concen- 
tric. The vascular supply of the carpels consists of many bundles, 
about 15, which arise in a complex older. The ovule is characterised 
by the development of a strong integumentary vascular system by 
the division of the single ovular trace. 

This investigation was carried out at the Benares Hindu Uni- 
versity and the author takes this opportunity to express his cordial 
ilianks to Dr. A. C. Joshi, n.sc., f.n.i., for suggesting the problem 
and help in the preparation of this paper. 


Eames, A. J. (1931) 


Fotidar, A. N. (1939) 
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This work iras started as early as in 1928 "when an apparatus was 
constructed to record the rate and volume of gas evolved during 
photosynthesis in Modea. The construction and working’ of the 
apparatus formed the subject-matter of the paper published by the 
author in 1929. While testing the working of the apparatus 
several records were taken and these showed some fluctuations in 
time- interval between the bubbles although the conditions were 
maintained constant. Subsequently this aspect was tackled again 
and. the work extended over several months during which 
period thousands of readings were taken. In all these investigations 
the bubble counting method was resorted to, since ‘ the rate at 
which these bubbles are liberated may be taken as a measure of the 
relative rate of photosynthesis ’ (Spoehr, 1926). 


There are many contributions to our knowledge of the factors 
and their influence on photosynthesis. The outstanding contri- 
bution is by Blackman (1905) who has discussed elaborately the 
interaction of the several factors and its eli’ect and the importance 
of the limiting factor in the process of assimilation. The reviewing 
of the various aspects of photosynthesis by Walter Stiles (1925), 
Spoehr (1926) and Barton Wright (1930) makes this point clearer. 


The factor of fatigue was introduced by Pantanelli (1903), 
although the exact way in which this is likely to affect photosynthesis 
is not explained by him. Ursprung (1917) first introduced a new 
factor, ‘ Solarisation ’, and this is described as inactivation of 
photosynthesis of a plant by continued exposure to light. Yap 
(1920) and Stanescu (1924) have done further work on ‘ Solarisation ’ 
enabling one to conclude that the fatigue factor as understood by 
Pantanelli is actually the result of solarisation. Miller (1931) also 
draws the same conclusion. Although this is an important factor, 
still its effect results in a temporarily pathological condition on 
account of the partial destruction of the protoplasm, or decomposi- 
tion of the protoplasm or chlorophyll or both. 


The present paper is an attempt of the author to show that the 
periodical depression is independent of solarisation and that this is 
of very great significance in i)hotosynthcsis on account of its fre- 
quent occurrence and appreciable influence on the rate of assimi- 
lation. The way in which this affects the i)hotosynthetic rate is 
explained in this paper, 

4 






t i"; 





C. V. KBI8HNA IJBFGAB 


Method 

Elodm was the plant selected for work. A special type of 
biibbkw (Wilmott, 1921) was constructed and used throughout the 
investigation. The water in which the plant was growing was used, 
and 1% solution of sodium bicarbonate was prepared with this 
water. Arrangements were made to ensure a steady supply of the 
solution and slow draining of the old solution with minimum disturb- 
ance to the twig. hTceessary precautions were taken to maintain 
the conditions constant throughout the experiment. The twh 


lUrUUgllUUL LUe ^Xp 611111 0111. Tile twig was 
exposed to diffuse light and direct sunlight and readings were taken. 
Short time records of 20-30 minutes’ duration were taken and the 
time-interval between successive bubbles was noted down. Fresh 
twig.s were selected after one or two records. A few of the records 
have been presented below in the form of graphs. 

Observations 

Three graphs have been introduced in this paper to show the 
time-vanation in the rate of bubbling. Graphs I and II are from 
records taken during a bright day with the apparatus near the 


IPO 150 200 

Number of bubbles 
Graph I 


150 200 

Number of hubbies 

Graph II 
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intervals. TMs 

much as the errors in the frLthfno n? ? ^nterva.! records iuas- 

thus making the records more aecura/e Oerl-ain^-^’ t ^^™“ated 
are noticed in these two records Thr;a.S ^ ^ interesting features 
followed by a period of ?edijS invariably 

fluctuations while the latter is mrmer showing pronounced 

of activity the flLtuationrL tif f nniiorm. During a period 
shortest and the lono-est time tiirot rate are highly pronounced, the 

and 33 seconds resp^v ^0 1^" 27 

twig is able to adiust itself tn otaphs also indicate that the 

series of attempts these invariablv^^t^^ assimilation after a 

indicated by the hoilSws onr ^iili reduced rates as 

period ol ataortuSm 4rfw StrSllP'’*' “ 

«e™Per„,_appreoia^^ 

irith the srm\ui„"°dirMil‘”f^ fS™ between 10.15-10.45 n.M., 
trough was allowed to XS the the 

of the experimenrtre ?eS^Lre had'^Ji the end 
all other factors were conSt eX i>y nearly l“ C. While 

rariable (actor. The graph ean be diyid“Sf„ flS’regta, S'jf' 


“ 150 SO 300 350 iSo ] 

Number of bubbles 

Graph III 

piSoirofiitt 2l.S“aSy “ “Oicate 

intense activity with significant ^ ^ perioils of 

to Dme. Thefivmlf time^L^Sir^^^ “e rate from time 
periods are nearly 2-1, 19 19 14 ond 14 during these five 

tlio time for h, e Ld’/Lppl^ to be Jin' f fPectively ; and 
pectively, indicating therebv that ^t seconds res- 

activity is of shorten duration l),tZ f nf 

lation most pronounced fluctuations in ti,n as.simi- 

is seen in the regions of b and d t nt M “®t witii. Tiiis 

the ililference between the'maxiniurn ar?dV^ region of b where 
bo 9 seconds, the two ratcs^beiu” i i tnd happens to 

nve bubble interval. At 
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but later on this becomes smaller, this being illustrated by the two 
regions h and d. Although there is not any difference between the 
average rates of h and e or of d and e the fluctuations are however 
conspicuous in h and d. Thus the graph indicates a possible effort 
of the plant to adjust itself to a higher rate by a series of attempts. 

Conclusion 


pe above-mentioned observations indicate that photosynthesis 
IS not a uniform process even under constant conditions. There are 
periods of active assimilation alternating with stages of reduced rate 
and showing marked variation during vigorous assimilation. The 
period of reduced rate indicates a stage of probable fatigue. It is 
also noticed that the twig adjusts itself to a vigorous rate of assimi- 
lation by a senes of attempts as indicated by the conspicuous peaks 

number of these attmpts 
It maj be stated that there will be five or six, the magnitude of 

«« the rate of photosjmthesis and the condition of the 
t Uj,. The peiiod oi active assimilation may be taken to be 7 to 11 

rdeprmC.' ">”8“ 


SUMMAEY 

1. Elodea is the plant selected for the present investigation. 

_ Depression in the rate oi photosynthesis seems to be an 

ISly.’'^'^”* teatiire manifesting itself either momentarily or period? 

in 

tlioJ ntll.'Slf.T PS™'*® “! '•‘sorons assimilation altematins ivith 
Mann ' *'“■ "i prSbS 

LITBRATUEE CITED 


I . Blackmail, F. F, 
(1005) 


' °19, *^81-95 factors,’* .4nn. Bot. 



Krishna Iyengar, 0. V, 
(1920) 


■‘wtfvitvl^ measure the photosyathetic 
fr^PY r water plants,” 

Half-yearly Jour, Mys. Univ,^ III, 1-7^ 



^iJS TUUTia RATH IM iLODEA 

Hlant Physiology, 468-69. 

“ Abhangigkeit 
bell elite ter 
Bedingung-en. 

39, 167-228. 

Photos yutfiesis^ New York. 

“ Les variations quantitatives de Fa 
dans les feiiilles des plantes verte 
^nt line joumee (24 lieures)/’ ( 
Reyid. Acad, Sci., Paris ^ 17$^ 217 

Photosynthesis^ liOndon. 

' ^RpI im Spekt 

Be),, d, d, Bot, Ues., 35, 44-69. 

‘ Kx^ieriniental Researches on Veff* 
Assimilation and Resiiiration. 
Assimilation by submerged plar 
Iilute Solutions of Bi carbonates 
Acids : An Improved Bubble-Coii 
‘F ?7 Boy, Soc. (B), 92, 


der Saurstoff aiisschel dun 
Pflanzen von ausseren 
Jahrb. f, toiss. Bnt 


5. Spoehr, H. A. (1926) 

6. Stanescu, P. P. (1924) 


Stiles, Walter (1925) 
Brsprung, A. (1917) 


0. Wilmott,A 


10. Wright, Barton (1930) 

11. Ya.p, G. G. (1920) 






TEE RUST OR HEDYOTIS STYtOSA 


MORPHOLOGICAL AND CYTOLOGICAL 
STUDY OF THE RUST ON 
HEDYOTIS STYLOSA 


[Chrysocelis ascotela (Syd.) Comb, nov.] 


By M. J. Thirumalachar 


Department of Botany, Central College, Bangalore 
(Communicated by M. A. Sampathkumaran) 


Received for publication on October 27, 1941 


In 19-10 the writer collected at Kodaikanal a rust on Ecduotis stylosa 
Blown, wliicli appeared to fit admirably Blastonpora ascotela Syd. 
This latter rust is also on the same host and was founded by Syd'ow 
^ydow and Mitter, 1936) on material collected at Ootacamund by 
J, H. Mittor. Oiiij' Biib-6pidGriiial pj’ciiia axid tclia liaTo so far 
been reported and the rust is apparently a micro-cyclic species. Its 
teliospores are one-celled, hyaline, germinate immediately and are 
reported to be pedicellate. 

The genus Blastospora was founded by Dietel (1908) to accom- 
modate a rust on Smilax Sieboldii. It is characterised by super- 
stomal telia wdiich are formed externally on the leaf surface The 
wall of the promycelium is not the continuation of the teliospore wall 
and the promy celium is separated from the germinated teliospore 
by a septum, a feature peculiar to the genus. Mains (1938) who 
studied the type material of Blastospora ascotela did not Jind any 
of these distinguishing characters in the fungus, and he thoun-ht 
that the proper place for the rust is in the genus Maravalia to which 
be transferred it. Tliis seeined to be the proper genus for the time 
being for the reception of the rust. In Maravalia the teliospores arise 
singly from compact hymeuium ; they are pedicellate and this latter 
fact separates the genus from Chaconia, Bitzea, Chrysocelis and other 
genera. In placing the rust in Maravalia, Mains (1938) states that 
the telia are hypophyllous, densely grouped about the pycnia and 
that the teliospores are cylindric with hyaline, thin-walled pedicels. 

A detailed morphological and cytological examination of the 
rust by the writer has revealed however several interesting features. 
It is true tliat pycnia (Pig. 7) are sub-epidermal, but thtn^ are also 
amphigonous with ostiole and paraphyses. Telia are also sub- 
epidermal and mostly hypophyllous, but amphigeneous ones have 
also been noted. The telial initials are formed by the concentration 
of uni-nucleate hyphaj in the intercellular spaces, forming plccden- 
chyma in the sub-liypodtrmal position. Before initiation of the 
dicaryon phase cell fusion takes place. There is no definite gr. 
of these fusion cells but any two adjacent cells 
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bucIgus niigratcs througli sl siiicill pore fornied by tlie dissolution 
of the septa. The binucleate cell thus formed elongates lengthwise 
and by cell dhisions forms two to three cells which are superposed 
(Fio-. 9). The topmost cell elongates and forms the teliospore. The 
spores become cylindric and are binucleate (Fig. 2). At a later 
stage the nuclei fuse giving rise to a syncaryon (Fig. 4). The basal 
cell remains as such without any change and measures about 4-5 X 
7-12 u. In a mature telium all the teliospores are sessile and soon 
after maturity germinate within the sorus. The spores are clavate, 
and thin-walled without any germ pore. Promycelium is formed 
by the prolongation of the spore apex (Fig. 6). The tip of the pro- 
mycelium is thickened and this helps in breaking through the 
ep'idermal layer (Fig. 3). 

Following germination, the outlines of the teliospore and the 
promycelium cannot be differentiated as it is uniformly broad 
throughout. The nucleus and the cytoplasm migrate towards the 
apical region of the promycelium, and a cell is cut off at the level 
of the epidermis (Pig. 8). By successive divisions a four-celled 
promycelium is formed, and in most of the cases observed the basi- 
dtum becomes recurved. Sterigmata are formed which abstricts 
off uninucleate basidiospores above the level of the epidermis 
(Fig. 5). 

Following germination of the teliospore the basal cell becomes 
active. Before the prolongation of the spore apex to form the pro- 
mycelium, the basal cell measures 4-5 X 7-12 /a. It soon begins to 
elongate as indicated by measurements taken at various stages of 
germination of the teliospore. After the formation of pro- 
mycelium the basal cell elongated up to 17-21 /x. After the abstriction 
of the basidiospores the promyceliutn collapses and the cell walls 
become gelatinous. But the basal cell remains persistent with two 
nuclei and cytoplasm. It remains as an attenuated fusiform 
structure, measuring 65 X 30-40 /x in length. In some ten cases it 
was found to measure about 40-70 /x. This is in accordance with the 
measurements given by Sydow and Mitter (1936), where it is recorded 
as 40-7 0 fff. 

It is manifest that the structure mistaken for a pedicel by Mains 
(1938) in Mamvalia ascotcla is the elongated basal cell. No doubt, 
the pedicels in the stipitate rusts are formed by the elongation of the 
stalk cell. But we have to take into consideration the mature 
spore before germination for determining the stipitate or sessile 
character of the teliospore. In the rust on Hedijotis stylosa it is defi- 
nitely 8e.ssil(i even up to the early stages of germination. If the basal 
cells are considered to be pedicels, they would not elongate indefi- 
nitely as they do in the rust under study and as indicated by 
measurements. 

Because of the sessile nature of the teliospores the identity of the 
rust requires to be reconsidered. Sub-epidermal telia with cylindric 
thin-wull(;d hyaline teliospores germinating immediately have been 
recorded in iSilzea and Ohrysocdis. In the genus Bitsca, erected by 
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Text-figs. 1-10. — Fig. 1. Section through a mature telium with sessile, 
clavate teliospores ( X 400). Fig. 2. Young teliospores showing two nuclei 
( X 400). Fig. 3. Showing the germinating teliospores breaking through 
the epidermis ( X 400). Fig. 4. Mature teliospore { X SCO). Fig. 5.^ Section 
through a telium with germinating teliospores { X 400). Fig. (h Early 
stage of teliospore germination showing the formation of promycelium by 
the prolongation of spore apex ( X SOO). Fig. 7, Camera lucida drawing of 
a pycnium ( X 400). Fig. 8. Showing the elongation of the basal cell after 
teliospore germination ( X 800). Fig". 9. Section through a young telium 
( X 800). Fig. 10. Development of sporidiuni { X 800). 

Mains (1039), the pyciiia are siib-cuticiilar, whereas in ClirysocvUn 
they are sub -epidermal. The rust on ITtdjjotis shfloHa lias sessile 
teliospores with sub -epidermal pycnia, and these characters Justify 
its inclusion in the genus Chrysocelis, 

The genus Chrysocelis \vas foimded by Lagerheiin and Dietel 
(1913) to include tw'O species of rusts C. Liipini Lagcrh. and Diet., on 
Lupinm sp., and 0. 2Iuehlenbacki(c Lagerli. and Diet., on Muehlen- 
beckia. In C. ^luelilciibeckUc only pycnia and teiia have been recorded. 
In C. Olobb(c Syd. recorded by Sydow and Fetrak (1931) the teiia 
are hypo])hyHous, and the sori are covered by epidermis wdiicii is 
ruptured by the germinating teliospores. The spores uni-cellular, 
clavate and sessile germinating immediately. The ])rotnyeelia are 
quickly ])eriBhable. The rust on lledyoik sfyUsa reseinhles these 
forms in a general way. The writex proposes to transfer this rust to 
this genus and make a new combination Chrysocelis ascotela (Syd.). 



176 


31. J. TSIBU3IALACHAB 




The eloagating basal cell is uot without significance. Its mode 
of development suggests that it helps in pushing out the promycelia 
aboA-e the epidermal layer, and the basidiospores are formed exteriorly 
on the leaf surface. One might assume that pedicellate teliospores 
in forms with sub-epidermal, non-erumpent telia have better chances 
of having their basidia extruding out of the host tissue, than forms 
with sessile teliospores. In the latter forms the promycelia have to 
develop to a greater length. The elongated basal cell of Ghrysocelis 
ascotela only simulates a pedicel, and in this respect it might be an 
intermediate form connecting the two genera 3Iaravalia and Ghryso- 
celis. 

Description of the Bust 
Ghrysocelis ascotela (Syd.) comb. nov. 

Pycnia amphigeneous, distributed in concentric rings in yellow 
patches on the leaf, sub-epidermal, flask-shaped, with ostiole and 
paraphyses. Telia amphigeneous, mostly hypophyllous, in groups 
around pycnia, sub-epidermal, covered with epidermis in early stages, 
soon naked following germination, covered with a whitish pulveru- 
lent mass ; teliospores clavate, sessile, hyaline and thin-walled, 
measuring 44-61 X 9-14 /m, germinating immediately by the pro- 
longation of the spore apex producing the promycelium, basidia 
exserted above the epidermis : basidiospores thin-walled, spherical 
measuring 12 X 11 p.. Basal cell 4-5 X 7-12 /a. in mature spores, 
elongating after germination up to 40-65 p.. 

Hah . — On leaves of Sedyotis stylosa Brown, leg., Thirumalachar, 
Kodaikaual Hills, South India, 18-10-1940. 

Summary 


i I ; 1. The rust on Sedyoits stylosa Brown is a microcylic form with 

- . ; i sub-epidermal pycnia and telia. 

• ‘ 2. The teliospores are clavate, sessile, thin- walled and germinate 

f , immediately after maturity. These characters indicate that the rust 

i is a species of Ghrysocelis &nd a new combination Ghrysocelis ascotela 

I . (Syd.) is proposed. 

I ! 'i, 4. The basal cell elongates after the germination of the telio- 

I ' spore and this helps the promycelium to be extruded out of the host 

I 'b tissue. 


In conclusion the writer wishes to acknowledge his indebted- 
; :;i ness to Dr. M. A. Sampathkumaran, Professor of Botany, University 

of Mysore, for guidance and encouragement, and to Dr. B. B. Mund- 
: V , kiir, Imperial Agricultural Besearch Institute, New Delhi, for help 

; li with literature, critically going through the manuscript and valuable 

. * suggestions. 
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Tntboduction 

In recent years several species of Allernaria have been reported 
iu_ India as causing diseases of the following plants — Vima faba L., 
Citrus sinensis Osbeck, Nicotiana tahacum L., Gossypium sp., Capsi- 
cum frulescens (Dutt, 1937). Dey (1933) records AUernaria Uni 
Dey on the inflorescence of Linurn usitaiissimum L., Uppal et al. 
(193S), A. burnsii XJppal, Patel and Kamat on fruits of Cuminum 
cymhium L. Young (1929) lists nearly 80 species of AUernaria 
attacking various plants ; he mentions only two members of the 
CompositsB family {riz., soneus and sunflower) to be infected with 
AUernaria. AUernaria tenuis on leaves of sunflower has been 
recorded both _ from Europe (Oudemans, 1923) and America. 
AUernaria tenuis Nees is reported in this paper as occurring on the 
leaves of sunflower {Belianthus annuus B.) for the first time from 
India. Mohendra (Butler and Bisby, 1931) has already noted the 
occurrence of the same species on leaves of Saeoharum offieinarum. 

Incomplete desciiptions, mutations, secondary development 
of spores, dwarfing of spores in culture, and facultative parasitism 
resulting in large host ranges, all these have caused great difficulty in 
the classification of species of AUernaria and Macrosporium. Elliott’s 
paper (1917) has been of considerable help in clearing aw'ay the con- 
fusion in the delimitation of both these genera. Macrosporium and 
AUernaria by reason of their muriform spores are placed in the sec- 
tion Dit%o.s'por«J oP the -family Dematiacece of the order Moniliales ; 
these muriform spores separate them from the genera Cladosporium 
and Hehninthosporium, which in some species are similar in respect 
of many characters. ThC; separation of the genera AUernaria and 
Macrosporium rests solely on the catenulation of the spores in the 
former genus. The most characteristic feature about the spores of 
these fungi is their shape which is an immediate index to the genera, 
and generally to the species. According to Elliott, all obelavate, 
ovate, cuneato, pointed or beaked spores belong to and 

under suitable, conditions form chains. There is variation in shape 
within a single species, but in most cases under natural conditions 
the shape of the spore, combined with its size, helps to identifv the 
species. 

“ Echinulation of spores is not a constant character, hence this 
feature is generally regarded as having no value generically ” 
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(Wiltshire 1933). Beats Tary enormously in length and thickness. 
MoreoTer.’the beak of the fungus on the natural host may be very 
dilTerent from that developed in culture, e g., Alternana gossypma 
(Thiim). On the cotton plant Hopkins finds only a short beak, but 
in culture this fungus produces a long beak. A. tenms, on the other 
hand, has a short beak on the leaves and practically no beak at all 
in culture • only in old cultures a few spores with short beaks have 
been found. The length of the beak is usually fully developed, but 
it may also vary considerably in cultures of a single species, and 
occasionally spores have been observed with no beak at all even in 
the long-beaked species. 

Elliott tentatively divided the genus Alternaria into groups of 
species having similar spores. The following groups were suggested 
by him ; — 

1. The A. tenuis group. — This group is characterized by 
spores ranging from 11-50 X 7-20 p. Spores are generally broad and 
muriform. 


2. The A. brassicee group. — This group contains spores 
ranging from 35-120 x 10-30 p,. The spores have often long beaks. 

3. The A. h.ereulem group. — To this group belong spores 
similar in form but much larger than those of the A. brassicw. 

4. The A. cu&umerina group. — This group is similar in 
spore-form to that of A. brassicw group but the spores are uniformly 
wider, more muriform, and generally shorter. 

5. The A. soncU group. — Spores are large-celled with a 
distinct obtuse apex. The range in size is 50-125 x 12-25 /x. 

6. The A. brassicw var. microspora group. — The spores of 
this diller from those of A. tenuis in being uniformly narrower and 
less muriform, longitudinal septa being seldom formed. 

A more extended study of the genus might lead to an 
increase in the number of groups proposed. 

Symptoms 

In June 1940, in the Garden attached to the Botany Depart- 
ment of the Carmichael Medical College several leaves of sunflower 
plant were found to have turned brown completely. The age of 
these plants was nearly three months.* Many of them showed 
numerous small spots on the upper surface of the leaves. Some 
leaves were studded all over with these spots (Pig. 1). The spots 
were small and oval in shape. The spotted areas were frequently 
depressed and whitish in colour. In cases of vigorous attack, these 
spots may be numerous and may extend along the whole leaf surface 
owing to the coalescence of adjacent spots. In several instances in 
later stages of the disease the aifected areas were perforated irre- 
gularly, due to the falling away of the dead tissue, resulting in what 
is known as “ shot hole”. Generally, in mature plants, the upper 
leaves showed symptoms of the disease. Distinct conidia of Alter- 
naria tenuis Fees were detected on leaves examined. The conidia 



Fig. 1. Fig. 2. 

Fig* 1. A leaf of sunflower spotted due to AUernaria tenuis, ( Keduced*) 
Fig* 2. Comdia> ot AUernaria tenuis, a, young coni dium. &, a beaked 
coni dium from, old culture, c and c?, two mature contra, 
c, a conidium with conidiophore. / and <7, conidia In chains 
of two. h, conidia in chain with elongated stalk. [Magnifica- 
tion X 092]. 

Ohaeactbr of the Fukhus in Culture, 

The mycelium is septate^ hyaliue 'when young, turning light- 
brown later. Conidiophores are simple, or sometimes branched, 
septate, straight or bent and light-brown in colour. 
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are ovate witli a short beak and a slender base. They are muriform, 
singly borne, and light-brown in colour. 


The Pathogen 


Small bits of infected leaves were thoroughly washed in water 
and transferred to one per cent, aqueous solution of silver nitrate. 
After one minute these were removed and dropped in a sterilised 
one per cent, solution of sodium chloride to precipitate the disin- 
fectant and were readily transferred to malt-agar culture tubes. 
Prom most of the pieces AUernaria appeared in the course of seven 
to ten days. The fungus isolated was identified as AUernaria tenuis 
Nees. 


The fungus was grown on the following media : — 

Brown’s synthetic medium (Glucose 2 gm., Asparagin 2 gm., 
K 3 PO 4 1-25 gm., MgSOj. THgO, 0-75 gm., Agar 20 gm., and w^ater 
1000 c.c.) ; 3% malt- agar medium. 
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In culture the conidia are usually singly borne, sometimes in 
chains of two to four, but catenulation is more common in older 
cultures. They are ovate, sometimes clavate with a slender base 
and rounded apex (Fig. 2). The conidia are variable in form as well 
as in size, but are generally broad and muriform. The number of 
transverse walls varies from two to seven, but it is usually from three 
to four. Sometimes individual conidia develop a large number of 
loiigitiidinal and oblique septa resulting in an irregularly shaped cell. 
In colour the conidia are dirty-brown. These germinate by germ- 
tubes which may arise from either the tip or the basal stalk, or 
from any of the" side walls. These conidia easily get detached. 

The growth of the fungus was studied on the media given 
below ; the proportions of the constituent chemicals in each medium 
correspond to that used in preparing Brown's synthetic medium. 
Observations were recorded on the tenth and twelfth day after the 
subculture and are given in Table I. 

Table I 


Growth Features of the Fungus (Alternaria tenuis) on 
Different Media 


Medium 

Kate of growth 

Colony colour 

Conidia 

Glucose 

+ KaPOphMgSO^ 
“h Asparagin 
+ Agai' (Brownes 
s ynthetic 
ULedium) 

Good growth 

Greyish black 
colony, reverse 
turns black 

Abundant nor- 
mal muri- 
form conidia, 
majority of the 
conidia are 3-4 
septate, but the 
range of septa- 
tion is 2-7 ; 
chain formation 
common 

K^POi 

AMgSO, 

-f- Asparagin 
-f A.gar 

Medium growth 

Whitish colony 

Conidia few, 2-4 
septate 

Glucose 

"f Asparagin 
-hAgar 

Medium growth 

Colony greyish 
black at centre, 
white along sides 

Conidia many, 
Septa 2-4, chain 
formation occa- 
sional, longi- 
tudinal septa 
rare 

Glucose 
+ K,FO, 
hMgSO, 

-f- Agar 

Very slight 
growtii 

Very thin white 
colony 

Conidia very few, 
hyaline 

S % malt agar 

Good growth 

Flo c cose/ dirty . , 
green colony, 
reverse turns 
black 

Abundant nor- ' 
mal muriform 
conidia, number 
of septation 3-5, 
chain formation 
common 
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Prom the above table it is found that Alternaria tenuis from 
sunflower leaves produces abundant normal conidia in 3% malt 
agar and Brown’s synthetic media ; in other media growth is checked 
appreciably, and in the medium lacking in asparagin growth is 
negligible. 

Table IT 


Size of Conidia on Different Iledia 


Medium 

Average 

Hauge 

Glucose 
^ K 3 PO, 

- M;gso^ 
Asparai^iu 
Agar 

26 X T fi 

20-4-1 ;<(5-S ^ 

]vVP 04 
-f- M 'gSO^ 

T- As}.)aragi n 
PAgai’ 

25 X 7 fi 

21-36 x6-9 fji 

Glucose 
■f MgSO., 

■f Asparagin 
-fAgar 

2 1 (5 ^ 

15-33 :.<0-9 ix 

Gill cose 
-t- K 3 PO 1 

d-MgSO., 

A Agar 

18 XC M 

15 2-1 X 6 --S fx 

L., 

3% malt 
agar 

38 X iO /X 

21 -J .S x9-12,i 


The spores were measured after ten days’ growth at 21® C. 
The results are recorded above in Table II. Spores produced in 3% 
malt agar medium were the longest, the nest, in order of size, were 
the spores produced in Brown’s synthetic medium ; shortest Bpore.s 
were formed in the two media lacking asparagin and K3PO4 respec- 
tively. 


Inoculatios-Expeeimbnt 


Leaves of sunflow'er were inoculated with conidia of AUeniaria 
tenuis grown on 3% malt-extract agar at 2.1° C. in three way.s : 
(a) by wounding the leaves, (b) by directly placing inoculum t”on- 
taining conidia on the leaf surface, and (c) bv the spore-suspension 
method. 


The fungus infected wounded leaves in the course of four<lays. 
and unwoundcd leaves within ten days, producing brown discolouml 
area.s. By the .spore-suspension method spots appeared after 
lifl<a‘a days. Examination of these spots showed the presence of 
Alternaria tenuis. 
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For the identification of tMs fungus the writer is indebted to 
Br, G. W. Padwick, Imperial Mycologist, and to Dr. M. Mitra, of 
the Imperial Agricultural Research Institute, New Bellii. 

Summary 

Altc maria tenuis Nees, causing a leaf -spot disease of sunflower^ 
is reported for tke first time from India. Pure cultures of tlie 
species have been studied. The conidia are ovate to clavate, with 
a slender base and rounded apes, and borne in chains of two to 
fuur. These range in size from 21-“4:8 x 9-12 [i, and are muriform 
with 3-4 cross Avails. The pathogenicity of the fungus has been 
proved by inoculation-experiinent on living plants in the garden. 
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Several genera of the GesneriacejB have been already studied by 
previous investigators, Hielscliei\ as early as in 1879, studied the 
anatomy and biology of Streptocarjnis, The next contribution is 
by Balicka-Iwanowska (1889), who reported in Klugia Notoniana 
a" biiiiieleate chalazal haustorium and two uninucleate haustorial 
cells at the micropyle. In Klugia zeylanica, Schnari (1917) finds 
that wdiile there are two uninucleate mieropylar haustoria, the 
chalazal haustorium has but a single nucleus. In both Eamondia 
Kaihalm and B. Serbica, Glisic' (i924) observed that the chalazal 
haustorium is uninucleate as in Klugia zeylanica, Laurent (1923) 
records the presence of a binucleate chalazal haustorium in Gory- 
toloma cyelophyUim.. A similar condition is found in Boeftiera sp., 
by Giisic' (1934), while in Eaberlea rliodopensis the variations in 
the number of nuclei in the chalazal haustorium, and the oecasional 
formation of a wall in the chalazal chamber indicate, according to the 
same author (Glisic', 1928), a condition less advanced than the others. 
Information regarding the exact sequence of divisions in endopserm 
formation in BliyUdopJiyUum (Cook, 1907) and Streptoearpus 
(Hielsclier, 1879) is not available. 

The present investigation deals with the development of the 
gametophytes and embryo in Dklymocarpiis tomentosa Wt. It 
records certain features not previously observed in the family. The 
material was collected in I^ovember 1939 at Himavadgopalaswamy 
Hill. Plants of Didymocarpus tomentosa were found growing in 
small crevices in the large bouldens. The flowers and fruits in 
various stages were fixed in Bouin's fluid between 10-11 a.:u. on 
the spot. A few plants were also grown at the Departmental 
Kurscry at Mysore and the flowers and fruits of these were fixed in 
hTavashin’s fixative. Sections were cut at a thickness varying from 
7 to 12 microns and were stained in Heidenhain’s iron-alum luema- 
toxyiin, / 

, PoLimx Beveiupmtlxt. 

Tiic primary arehc^sporlum is of hypodermal origin and cuts 
off 0 ; wall layer \vhich, in turn, ])ecomes three layered by division. 
While the outermost of these develops into the fibrous layer, the 
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innermost onla^rgGS considerably and forms tbe. tapetum. Tlic 
middle layer is very much compressed by the enlargement of the 
fibrous and tapetal layers. The cells of the tapetum increase very 
much in size and their nuclei undergo divisions so that each ceil 
becomes two- to five-nucleate. These nuclei, however, remain close 
together and later ^ on, when the microspore mother cells are 
dividing, fuse to form one or two large deeply staining nuclear 
masses (Figs. 1, 6-8). 

The usual meiotic changes have been observed in the microspore 
mother cells preceding their division (Figs. 2-1). Chromosome 
counts were made at diakinesis and 27 bivalents were observed 
(Fig. 1). The cliromosome number for Dklymocarpiis lavandulacea 
is given as X. = 18 and the basic number for the Cyrtandroidea^^^ is 
held to be 9 (Sugiura, 1910). Thus the chromosome number 
obtained for Bidymocarpus tomentosa is in agreement with the pre- 
vious observations. As already recorded bv Sugiura the chromo- 
somes are small. The disposition of the two spindles in the second 
division may be either parallel or at right angles to each other. The 
microspores separate by the deepening of the peripheral furrows and 
are formed according to the simultaneous type. 

The pollen grains are spherical and have three ridges. They 
are binucleate at the time of shedding as reported in Gloxinia hybrid 
(Elfving, 1879). 

Megaspokogenebis 

The parietal placenta deeply protrudes into the single locule 
of the ovary and bears an indefinite number of anatropous ovules. 
The nucellar primordium arising on the placenta soon becomes 
invested by a single massive integument. The nucellus is much 
reduced and tapers towards the micropyle. 

A single hypodermal cell at the summit of the nucellus forms the 
primary archesporium and can be recognised quite easily by its 
conspicuous size and deeply staining protoplasm. The ' primary 
archesporial cell directly functions as the megaspore mother ceil 
which becomes much elongated. A linear tetrad of megaspores 

( X 1460). Fig. 4. Diakinesis— 27 bivalents are seen ( x 1460). Fig. 5. 
Pollen grain at the time of sheddingj showing the binucleate condition 
( X 1460). Fig. 6. A tapetal cell showing the fusion of two nuclei 
( X 1460). , Fig. 7. A six-nucleate tapetal ceil ( x 1460). Fig. 8. A 
tapetal cell in the late stage showing the fused nuclei { X 1460). Fig. 9. 
First division in the megaspore mother cell. ^ The reduced nucellus and 
the massive integument are also seen ( X 525). Fig. 10. Linear tetrad 
siiowingthe enlargement of the chalazal megaspore and the degeneration of 
the upper three {X 1095). Fig. 11. l\vo-micleate embryo-sac, the 
nucellus showing degeneration ( X 730). Fig. 12. The division stage 
in the formation of the four-nucleate embryo-sac { X 730). Fig. 13. 
Mature tunhryo-sac showing the egg-apparatus, the polar nuclei ami the 
remahiis of the antifxxlals (>.730). Fig. IL IVrtkm of the tunbryo- 
sac at- the t ime of fei*(ilisat ion. The elongated synergid is seen protruding 
into tile micropyle. The polar nuclei have just fused {X730). Figs, 
15, 16. 17 &L 18." Stages in the formation of endosprm ( X 730). 
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arises hj the two divisions of the megaspore mother cell. The 
chaiazal megaspore undergoes further development and gives rise 
to the embryo-sae while the upper three degenerate and are seen as 
dark masses (Fig. 10). 

During the developmet of the embryo-sac the surrounding 
niicellar cells are seen in various stages of degeneration and finally 
disappear. The innermost layer of the integuinet forms a conspi- 
cuous tapetum showing significant enlargement during the post- 
fertilisation stage>s. 

EHBRYO-SziC 


The development of the embryo-sac is normal. When ready 
for fertilisation, the embryo-sac is eight-nucleate. The micropylar 
(‘lid is dilated and lodges the egg apparatus. The integumentary 
tapetum does not surround this dilated portion, but terminates 
below it. The two synergids are conspicuous with their long taper- 
ing tips, which extend through the whole length of the micropyle 
(Figs. 13 and 14). The egg is of considerable size and is as usnal 
vacuolate in its anterior end. The two polar nuclei lie in close proxi- 
mity in the middle of the embryo-sac and fuse only at the time of 
fertilisation. The antipodals which are very small begin to degene- 
rate very early and in many cases even their remains are not seen 
in the mature embryo-sae. The cells in the neighbourhood of the 
sac show degeneration owing to the activity of the latter. 

In Klugia ^eylanica, Schnarf (1921) records that the ends of the 
synergids lie immediately near the opening of the micropyle a condi- 
tion also met with in Didymoearpus. In Eoettlera sp. Glisic' (1934) 
motions that in many cases the embryo-sac grows out of the 
micropyle with the 'synergids wandering into the bladder-like 
portion h Oehlkers (1923) also observed a similar situation in 
MonophyUwa EorsfieldiL But in Didymocarpits, the embryo-sac 
does not show any tendency towards extra-micropylar develop- 
ment. In Eaberlea rhodopensis Glisic' (1928) noted, in a few 
instances,^ the presence of two embryo-sacs in the same ovule. Such 
abnormalities have not been found in Eidy MocctTpus * 



Fertilisation 


synergids is destroyed by the entry of the pollen 
tube. Ihe other can bo recognnsed for some time after fertilisation 
b.\ the side oi the pollen tube. The tip of the pollen tube is seen to 
be eoihsulerably dilated. The nucleus of the egg at the time of 
syiiganiv is seen to be in a resting condition. After the entry of 
the [lollen tube iiAo the embryo-sac, the two polar nuclei fuse prior 
to triple lusioa (Fig. 14). 


EnDOSPEKJI 


primary endosperm nucleus takes 
p .ui in flit middle <11 the «iibryo-sae and is followed by a transversely 

the chalazal chamber from the 
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micropyiar (Pig. 15). The next division is longitudinal and occurs 
only in the micropyiar chamber (Fig. 16). The t-sro micropyiar 
cells thus formed undergo transverse divisions resulting in two tiers 
of two cells each (Pig. 17). The terminal tier develops into the 
micropyiar haustoria, while the inner gives rise to the endosperm 
by further divisions. The margin of the endosperm in the later 
stages appears wavy in section due to the unequal enlargement of 
the tapetal cells (iig. 29). In the mature seed, we And the 
endosperm differentiated into three regions — the massive storage 
region composed of large cells filled with starch, and the smaller 
richly protoplasmic cells towards the ends forming the isthmus 
between the haustoria and the endosperm lU’oper (Fig. 29). 


Haitstoeia 


Only a single nuclear division takes place in the cliaiazal 
chamber. The resulting binucleate haustorium is very aggressive 
and digests the tissue surrounding it until it reaches the epidermis 
ot the integument. The nuclei enlarge very much and become 
pear-shaped, as in Roettlem sp. Further development of the haus- 
torium is lateral giving it an anchor-like appearance in section 
(Pig. 22). The remnants of absorbed cells can be seen about the 
haustorium. 


The two cells cut off towards the micropvle remain uninucleate 
and develop into the micropyiar haustoria. These are also aggres- 
sive and eat their way into the surrounding tissue (Fig. 21) At the 
region where they are connected with the endosperm, the cells of 
the integumentary tapetum are much enlarged, with their inner walls 
conspicuously thickened (Pig. 19). A siVnilar feature has been 
described by Glisic' (1934) in Eoettlera sp. 


In the later stages of their development the two micropyiar 
haustoria are considerabiy elongated and extend through the whole 
length of the micropyle. At times the terminal portions of these 
cells grow out of the micropyle and form a bulbous .swelling into 
which the nucleus migrates (Fig.s. 19 and 20). Thu,s, during'’ later 
stages the haustoria are extra-micropylar. As already mentioned. 
Schnarf and Glisic' have observed an extra-micropylar embryo-sac in 
Klugia zeylanica and Itoettlera sp. Although the embryo-sac in 
Didi/Mocarpus does not show* any extra-micropylar development, 
the liaustorial cells develop beyond the micropyle. 

The development of the endosperm in Didymocarpus tnmevtosa 
IS seen to be of the ^ Briindla type ’ of Schnarf (1917). A similar 
type of endosj)erm formation is reported in Corytoloma ei/elophyllum 
(Laurent, 1917), Ilaberlea rhodopenHh (Glisic', 1928) and Rodilera .sp. 
(Glisic, 1934). In Klugia zeylanica, (1921) ob, served a dilT- 

erent- type,' of endo.sperni development. In this case the second 
diviidon taking jiluce in the micropyiar chamber is also fran.sver.se. 
A .similar sit nation Is also met with in liamottdia Xathalia' and 
Ji. Serbiea (Glisic', 1924). 
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In the history of the chalazal hanstorium, the two-celled stas^e 
often noticed in Haberlea rhodopensis (Glisic', 1928) is derired from 
a stage with a larger number of cells. The next step is the disappear- 
anee of the wall between the two cells, thus rendering the 
chala^zal haiistorium unicellular, but binucleate. This condition is 
seen in Klugia Notoniana^ Roettlera sp., and normal cases of Eaberlea 
rhodopensis. It is found that in also the same condi- 

tion preA^ails. The uninucleate condition of the chalazal haiistorium 
is derived from ^the binucleate one, by the suppression of a nuclear 
division as in Klugia zeylanica and the two species of Ramondia. 

While variations liave been recorded in the nature of the clialazal 
haustorium, in all the plants of Gesneriacese studied so far, the 
micropylar haustoria are two in number and uninucleate. Their 
extra-micropylar development has been seen for the first time in 
IHdymoearjyus tomentosa, 

Embuyo 


While the endosperm is being formed, the oospore elongates 
very much into a tubular structure. Further development begins 
only after the endosperm is considerably formed. The first divi- 
sion is transverse and separates the embryonal cell from the primary 
suspensor cell. By the divisions of the latter, a long suspensor of 
8-10 cells is formed. The first and second divisions in the embryonal 
cell are longitudinal resulting in four cells (Figs. 23 and 24). " The 
next division is transverse and of tlie eight cells at this stage the 
four cells towards the suspensor are larger than the distal ones 
(Pig. 25). The development of tlie embryo coritorms to the 
Capsella-tjiye (Figs. 26-28). 

Conclusion 

In^ evolution, the GesneriaceaB are derived, in common with the 
parasitic Orobanche^e, form the Scrophulariacese. Both Gesneria- 
ceiB and Orobancheiu possess a unilocular ovary with intruding 
parietal placenta bearing a large number of ovules. Both in the 
development of endosperm and haustoria, the two families show 
greater affinity to ScrophulariaceiB than to each other. The dev- 
elopment of endosperm in members of Gesneriacea^, till now studied 
is of two types. The ^ BruneUa-tjiye ’ is seen in Klugia Kotoniamaj 
Corytoloma. Roettlera and Haberlea, On tlie other hand, the forma- 
tion of endosperm in Klugia ' zeylaniea mid RamontUa belongs to 
(Millsaps, 1936). 

The extra-mieropylar development of the haustoria seen in 
Didymoearpus is reported in several allied families. In Or ohanche 
Hederw (Glisie', 1929) the Iiaustoria are to a certain extent extra- 
micropylar. Tliis condition, however, is more pronounced in Utri- 
vularia rulgaris (Wylie and Yocom, 1023) and U, ewrulea (Kausik, 
1938). In the Serophulariaceie the development of the Iiaustoria 
heyomi the mieropyh^ is noti(H*d in seviuul members like Lathnva 
squamaria ((Jlisic', 1932), Vaiuhilia (Krislma Iyengar, 1940(0 and 
Torvnia (Krishna Iyengar, lOU b). 
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SiTMMAEY 

Meiosis in the microspore mother cells is normal. Chromosome 
counts at diakinesis reyeal 27 biyalents. This agrees with the 
basic number 9 recorded for Cyrtandroidege by Sugiura. The 
microspore formation is of the simultaneous type and the pollen 
grains are biuueieate at the time of shedding. 

Tlie tapetal cells are found to be 2-6 nucleate, the nuclei fusing 
again during later stages. 

Tlie single hypodermal archesporial cell in the nueellus functions 
directly as the megaspore mother cell and gives rise to a linear 
t(‘trad of which the innermost megaspore develops into the embryo- 
sac. 

Tlie synergids show very long tips. 

The first three divisions of the primary endosperm nucleus result 
in the organisation of the two micropylar haustorial cells, the endo- 
sp(rm proper in the middle, and the chalazal chamber which dev- 
elo]>s into an aggressive binueleate haustorium. The two uninucleate 
micropylar haustoria are also aggressive and grow beyond the 
micTopyle. 

The development of the embryo proceeds according to the 
GapsellaAjiye, 

Grateful acknowledgments are made to Dr. M. A. Sampath- 
kumaran, M.A., ph.D., s.m. (Chicago), Professor of Botany, and Mr. 
C. \ . Krishna Iyengar, m.sc., under wliose guidance the investi- 
gation was made. The author’s thanks are’ also due to Dr. P. 
Mahesliwari, d.sc., f.tsM., of the University of Dacca, for literature 
and kind criticism. 
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PUCCINIA PHYLLOCLADIAE COOKE 
A NEW RECORD FOR INDIA 


By Kaetae Singh Thind, M.Sc. 
Botany Department, Panjab University, Lahore 
(Conamunicated by H. Chaudhuri) 


Beceived for publication on June 30, 1941 

In April 1940 the writer coUected at Lahore a rust on Asparamis 
graeihs Eoyle which seems to be a new record for India. The 
uredial stage was in full vigour and continued to be so in May and 

^ in July and continued^ntil 

August. In 0 other stage has been so far observed. The rust was 
later seen m the Jailo Forests near Lahore. 

The^urediosori are chiefly on the stem and the branches, a few 
haying been lormed on the phylloclades also. The sori are broad 
at the centre and taper towards the ends and are principally ao-Ere- 
gated into large brown patches near the base of the plant. ”The 
urediospores are pale brown, elongated or ellipsoid, 18-40 x 14-20 u. 
pedicillate, the stalk being deciduous and 26 x 4 u in lenffth • the 
epispore is minutely echinulate with 2-5 germ pores which are hyaline 
and situated along the equatorial line. ^ 

The telia are present all over the plant but chiefly on the stem • 
they are oiten aggregated to form black patches running alon'o- the 
entire stem The telio, spores are deep brown, subglobose to oblong. 

apex and base. They measure 33-48 x 22-30 « 
pedicillate, stalk being persistent, pale brown and 11-137 x 3-.10 u, • 
epispore is smooth, dark brown, thickened all round, 4-6 a thick • 
the septum between the two cells is upto 7 p. thick and much darker 
m colour. 


. Unicellular, dark brown, pedicillate, obtuse, ovate to obovate 
oT®"® observed within the telial sori. They measure 
-6-44 X ^„-26 p and their apex is upto 13 p thick. The stalk is 
persistent and brownish. There is no germ pore in the raesosi»ores. 

_ The rust belongs to the gmiu.s Puccinia of which three species 
have so lar been described on Asparagus : Puccinia Asparaai Do.* 
Puccinia Asparagi-lucidi Uiet., and Puccinia phyllocladife Cooke' 
Ihe Uahore specimen agrees most with the last named species 

which has not so far been reported to occur in India. 

Puccinia phyllocladitc was described by Cooke (188‘M on 
Asparagus fnlcal us 1.. from Natal and a siuamd eolleclion wiis’nuule 
ny Ihwaites in Ceylon, according to Sydow (1904). Peti'h (1912) 
however, was riot able to llrul any Ceyion specimens collected by 
ihwaitqs at Kew or at 4’eradineya. He himself collected it at 
Hakgala, Ceylon, in 1910. Cooke (1882) and Sydow (1904) have 
6 
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mm 


t on Asparagus gracilis, fa) Tn- 

nftf \ '“flJoson (xi). (6) Urediospore/ (x 285 350) 

* 170) (d) Infected branch 

with tehosori ( X i). (e) Teliospores ( x 285 . (/) T.S. of S nSS 

through a tehosorus (x 170). > i *-•>=’• oi si/em passing 

(lescribod only the telial stage but the aecial and the uredial stages 
were lor the first time described by Fetch (1912). The writer was 
l\°l to find tlie lecial stage but he has found not only the uredial 
and the tehal stages but the mesospores as well. 

The Lahore specimen has slightly smaller urediosnores than 
tho.se reported by Fetch (loc. eif.) but the teliospore measurements 
more or less agree. The pedicel of the teliospores of the writer’s 
speemien is very long and agrees in this respect with the Natal 

tK“s™litti?d2t th fttf® differences in the measurements 
i j, ^ mngus on Asparagus gracilis Eoyle is 

the Herb o^vnT^ have been deposited in 

insthut^ Nei^>rfh^a??®'' Agricultural Eesearch 

vS’p.'ijS;' 

w. S); B= 

Jns, = ».ip g^ea 


beferences 

. Mrotie Fungi. Grev. X, pp. 121- 
■ Ann. Royal Rot. Oard. Peradeni-. 
• Alonographia Uredinearum I, 


Cooke, M. 0. (1882) 
Retch, T. (1912) 
Sydow, H & P, (1904) 








EXPLANATION OF COLOURED FIGURES 


I. FeP.ONOSPORA Vlcl«-SAT1V,E ON VlCIA SATIVA 
. 2,.i P. LaTIJYRI-PALUSTEIS on LaTHYRUS SATIVUS 

3 - ^ P. TREGONEUA , ON TrIGONELLA FCENUM-GRAiCUM 

4 - P . jESTIVALIS on MeDICAG<1 SATIVA 

5. P. 2EST1VAL1S ON MEfilCAGO DENTirULATA 

6 . - P. iRIFOLII-Rt PE.VTIS ON TrIFOIJUM RESUPINATUM 

7- 'P. Meliloti on Melilotus parvifeora 
S. P . astragalina on Astragalus trieuloiues 

9. ,P. EPFUSA ON CnENCJPOfilUM ALBUM 

10. P . VARIABILIS ON CheNOPODIUM ALBUM 

f ‘ ' ‘ 

11. P. Koa|i/E ON Kochi A indica 

■ 12 : T. ARBORESCENS ON PaPAVER RhhIAS 
P* _Aparines on Galium Aparine.. 

14. Bkassicje 0!^ Brassica campestris 

15. PmBrassicjs'on.Bkassica napus 

16. P, BrASSIC.^ OH'RaPHANUS SATIVUS 

17.. p. Brassicaj on Mai.colmia AFRICANA 

18. P. parasitica on ErUCA SATIVA (BRANCH) 

19. P,, jSjsymbi^yiuofficinalis on Sisymbrium Ihio 

20. P, • Plantaoinis on Plantago amplexicaulis 


All drawn to halj natural aize. 
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A^fOiJir^^iT/J-1 2';TOJfJHi^I HQ ITOJUHM .*^1 

gaciojaciniT st/ja^aatbA wo AWi.FixOAaTaA 51 .8 

^Ar'is- 1.5’ laj'. i.f-jmoqoi|piD sio AauT« .‘I .q 
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A," ^ ‘ y 
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ai^TTaHTOAO A3!??3kt9/WG S'.OI^WAaS .^! .|.I 

8UaAW A3ia8/'ilfe WO a.318aAHH M ,cl 

g^r/iTAa gTjw/iiiAH wo JLoiaaAsi^ .di 

AKAimjA AIKJOJJAIK 70 a*0ia8A5fa 51 
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oiai i/:7iwa!,rfgi8 wo auAWDFHo-nfHamfSi^ -pi 
auuAOiXHiaifA uoat’waj''I wo'aiwioATWAv5I ,H .os 
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4.1 ^^^J^^ospora Vicii-sativce on Vida saliva. Fig. 16. T S. of 

the infected leaf with oospOTes ( X 175). Fig. 1 c. Conidiophore ( X *420). 
Fig, 1 d. Comdia ( x 280). Fig. 1 e. Oospores {X 285), 

6V//ij?.~Cfaaracterised by the formation of deep reddish pink 
spots or patches on both sides of the leaf and also on branches ; 
growth appeared cottony and grey violet. 

Emerging in small groups through stomata on 
the iindersuriace, 5-7 times dichotomously branched 163-596 n 
long; trunk long, erect, 26-448 x 11 ; crown of branches at the 

top covering one4hird of the total length of the trunk: primary 
branches straight or slightly curved, upper ones curved and spread- 
mg ; ultimate brauchlets situated at obtuse angle (or right anoie) 
pointed, unequal, short, upto 18 X 2-3 p. ’ 

ciimiS't'f iiltimate branchlets, 

tihrKf (rarely narro'vred towards one end) obtuse or 

subobtuse but cluetiy oval, pale greyish brown, 15-30 x 15-20 p,. 

Oospores.— 30-37 p in diameter, deep pink or yellow ; oogonial 
wall persisting and wrinkled ; epispore deep yellow or deep pink, 
ough, irregular, spongy, with projections; exine smooth, com- 

to'tiil Sm p’S'b.’"""'' *° PiPiisl eolPm 

2. Peromspora Lathyri-palustris Gaumann, 
gamenfl. Schweiz., Y, p. 192, 1923. 

Host. — Lathyrus sativus L. 

I/oe.— Lahore (near Shahdra) ; Common in Apiil. 

Symp.—GTcy violet patches all over the plant. 

®tomata or otherwise in small 

hS unto 418 ^ ] if’ ^i«Ii«tomousiy branched ; trunk 

stout, upto 418 X 4-11 ; branches cover only three-fourths of the 


Beitr, Krypto- 
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A Peronospora Lathijri-palustris on Lathyrus sativua. Pig. 2 b. 

A part OT T .S, oi the infected leaf showing hauAstoria and a faseicle of 3 
comdiophores coming out through a stoma ( x 140). Fig. 2 c. Conidia 
( X 280). Fig. 2 d. Oospores { x 285). 

trunk; primary branches straight going upwards and outwards; 
secondary branches more spreading ; ultimate branchlets diverging 
at obtuse angles, unequal, tapering and sharp -pointed, cruved, upto 
22 fi long. 

Conidia. — Sub-globose to broadly elliptic with no difference 
between base and apex, rarely broader at one end and narrow at the 
other, w'all black, contents blackish brown, 15-29 x 15-21 /.t. 

Oospores. — 26-45 p in diameter ; oogonial wall persistent ; epi- 
spore spongy, rough, irregular, deep pinkish brown ; exine smooth, 
spherical and light pink. 

3. Feronospora Trigonella Gaumann, Beitr. Krypiogamenfl. 

Schweiz.^ Y, p. 216, 1923. 

Host. — Trigonella fmnum^grmeiiniJj. 

Jioc.— Very common in the Punjab from February to March. 

Bymp . — Infected leaves readily recognised by the presence of 
yellow patches on their upper surface ; at the corre.sponding area on 
the under- surface, cottony, grey- violet, small patches were formed ; 
patches scattered ail over the leaf siufface. 

Oomdiop/mres.— Bobust, emerging through stomata in small 
fascicles, 5-8 times dichotomously branched, 389-551 ft long; trnnk 
well represented, stout, erect or rarely oblique, 207-365 x 8-M /x ; 
branches covering thre(i-fourtlis the length of the trunk ; primary 
branches straigiit, intemiediate ones bent but not spreading; ulii- 
mat*e branchlets in pairs, small, sharp-pointed, usually equal, at rigid 
angles or obtuse angle, upto 37 p. 
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Fig 
A. portii 
(-oining 
( X 2S5) 


nP^-r Q T foemm-grmcunu Fig. 3 h. 

out / .rr/n?^ mfected leaf showing liaustoria and a conidiophore 
out (a 140). Fig. 3f‘. Comdia ( X 280). Fig. Z d. Oospores 


■If th^ofSfr’X'^iTT- 'f- narrow towards one end and broad 

it»-;f l distinctly black, contents slightly greyish brown, 

diameter; oogonial wall persistent and 
Ml brown, irregular, with profeetions, thick 

iuiotir"'' circular, pale whitish grey, 

■1. PemioHpora mtivalis Sydow, in Gaumann, Beitr. Krmto- 
(jamenfl. hcliweiZf V, p. 200, 1923. 

Host. Medlcayo satim L. and M. denticulata Wiled, 
ioc.— Lahore, Amritsar and Jullundur; January to March. 

dowiw pMtdie^ of bhSH, “ appearance ; 

iio\ui.\ pauiies 01 blackish grey colour forming thick lavpi-s. nn 

In""'”” H"”- »»“'* ™ci Vm tp 

78-1811 /i long or throo-fomdlis of the i portion 

Ht might or (rblique i ucr 1 Ihm * n.r branches 

from acute to slA^i “ each pair at an angle 
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m c iV P^^'onospora cestivalis on : — A. Medicago saliva : Fig. 4 b. 
1 , 0 . of the infected leaflet showing haiistoria and corning ont of a 
comdiophore tlirough a stoma ( X 140). Pig. 4 c. Conidia ( x280). Pig. 4 d. 
Oospores ( X 285). B. Medkago deniiculata : Pig. 5 7>. A part of coni- 
(X 420). Pig. 5 c. Conidia ( X 280). Fig. 3d. Oo.six>re.s 

Conidia. — Sub-globose to broadly ellipsoid, narrowed towards 
one end and broader at the other, contents bright or dirty brown 
wall blackish 22-37 X 15-26 /x. ’ " . > 

Oospores. — Late forming, buried inside the tissue; oogonial 
wall persistent and wrinkled; epispore thick, rough, irregularly 
rounded, deep brown : exine circular, smooth, pale or pale yellowish 
grey to bright, contents granular or greyish, 22— 15 fi in diameter. 

Aggressively parasitic on the host 31. satim only. 

5. Peronospora Trifolii-repentis Sydow in Gaumann, Bcitr. 

Kryptogamenjl. Sehwek., V, p. 215, 1923. 

Host. — Trifolium resiqnnatum L. 

Loc. — Common everywhere in February and March. 

Downy patche.s scanty, principally on the under- 
surlace of the leaflet.s, in the fortn of long tufts parallel to the vedn- 
lets which act as boundaries, brown streaks at corresi)onding pliicos 
on the upper-surface towards the apex or along the margin. 

Conidiophorcs. — T’obust, eim'rgiiig through stomata, singly or 
at the most in twos, 5-6 times <licliotoniously brancdied. 258-681 a 
long; trunk 81— 1.32x8-11 p. sloiii, [u-oniinent ; Itranehes Iwo-lliirds 
the lenglli of the trunk ; primary hrumdies straight, sjireading, int<T- 
niediaie ones straight, rarely curved inwairds, iiiterloeking ; iiltiiiiate 
bratielilets unequal, situated at riglif angles, upto 22 /t long, sliarplv 
ftointed, curved both inwards and outwards, smaller one in (auh iiair 
often like a mere projeetioii. 
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P^onospora Trifolii-repentis on TrifoKum resupinatum. 
Ooipores ^ “ “■ 280). Fig. 6 d. 

Conidia. Obtuse or subobtiise, no difference between base and 
ax>ex ; wall darki,sh, contents light brown, 19-30 X 17-22 fi. 

Oospores.— Yery scanty ; oogonial wall present : epispore dirty 
brown, irregular ; exine of usual type ; 22-41 in diameter. 

0. Peronospora Meliloti Sydow in Gaiimann, Beitr. Krvvto- 
gamenfi. Schweiz., V, p. 203, 1923. 

Hosts.— McMlotus parviflora Desf. and M. alba Desr. 

Loc. — Common, February and March. 

(Si/wp.— Downy growth on under-surface nearer the apex of the 
eaflets, patches single or crowded, never covering the entire surface 

chloropindr “ upper-surface pale on account of loss of 

0-5 stomata in groups of 

t) or more. o~*< times dichotomonsiv 9 <? 7 __ka~o .. * 


& '*■ t Meliloius pan 

Wsf < JPiff- a «. Conidia ( X 280) 


Pig. 6 h. Coni- 

0 d. Oospores 
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trunk 104-318 X 7-15 /x, bulbous at base ; branches covering two- 
thirds the length of the trunk ; primary branches straight, secondary 
spreading and recurved ; ultimate branchlets situated at obtuse 
angles, reflexed, unequal, tapering, blunt, sometimes parallel and 
diverging, 4-19 X 1-2 /x. 

Gomdia. — Given off singly, sub-globose to broadly elliptical, 
broader at one end and narrowed at the other, grey brown, 15-32 x 
15-26 fjL, one or more hyaline strips on the wall of conidia in a few 
cases. 

Oospores. — 19-35 /x in diameter ; oogonial wall persistent and 
wrinkled ; epispore thick, deep yellow, spongy, irregular, more or less 
circular ; exine completely circular, smooth, bright wliitish grey. 

7. Peronospora astragalina Sydow in Gaumann, Eeiir. Krypio- 
gamenfl. 

Host. — Astragalus tribuloides Delile. 

Log. — Lahore, not common, March-April. 

Symp. — ^Plants being hairy, small inconspicuous downy patches 
are made out only with difficulty. 

Gonddiophores. — ^Very little material was available. Conidio- 
phores robust, emerging through stomata in groups, 5-8 times dicho- 
tomously branched, 163-407 /x long ; trunk thick, erect upto 241 x4- 
13 p ; branches covering three-fourths the length of the trunk ; 





Pig, 7. Peronospora astragalina on A stragalns tribuloides. Fig. 7 6. 
T.S. of the leaf showing hanstoria and. coming out of conidiophore through 
a stoma ( x 140). Fig, 7 c. Conidia ( X 280). Fig. 7 d. Oospores ( x 285). 

primary branches straight, slightly extending outwards ; secondary 
ones spreading and curved ; iiitimate branchlets curved in or out- 
wards at obtuse or right angle, equal, rarely unequal, tapering, 
sharp-pointed, thin, upto 20 /x long. 

Gonidia. — Ellipsoid, 19-26 X 15-10 /x, wail black am! contents 
greyish brown, drab brown when young. 
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Oospores.— 3Q-iS , 

opispore rough, irregi ^ 

spherical, pale greyish brown, bright. " " ’ 

[JSote. — There are two species of Peronospora 
Astragalus spp., viz., P. astragalina Sydow and P. Ast: 
batter has sraaller conidia but no oospores. Conidial r 
obtained by the writer are slightly different from those 
two species but on the whole tlie Punjab species agre 
lormer and is characterised by abundant formation 
(laumanu {loc. ctt.) himself is not .satisfied that the biolo 
ui the two species has been definitely proved.! 


« in diameter ; oogonial wall 
•ularly rounded, deep brown ; ev 
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from acute to riglit, ninniiig almost parallel, usually unequal, smaller 
ones generally in tlie form of liooks, tapering, blunted, upto 
26 X 4/x. 

Gonidia. — Ovate-oblong or ellipsoid, broader at one end and 
narrower at the other, provided with prominent nipple towards the 
narrow end, brownish, 22-37 x 19-23 

Oospores.— Deep brown, darkish, 22-45 /x in diameter ; oog^ial 
wall present or not, brownish ; epispore thick, deep reddish brown 
or dark brown, more or less circular; exine’ fairly greyish white, 
smooth, siiherical. 

(Note , — See remarks under P. variabilis Gaiimann.) 

0. Peronospora Gaumann. Beitr, Kryptogamenfl. 

Schwck., V, p. 226, 1923. 

Host. — Chenopodmm album L. • 

Loc. — Common, July to September. 

Pymp.— Downy mass tliin as against a thick layer in the last 
case. Usually appears late. Brown spots on leaves. 

Oowidiop/mrc,s*.— Robust, emerging through stomata in groups 
of 1-6, 3-5 times dichotomously branched, upto 437 /t longftniiik 
311 X 8-11 p, erect or slightly oblique ; branclies generally spread- 
ing (rarely interlocking) as long as 126 p, i.c., only 2/5 of the length 



Fil^. 9. Peronospora I'ariabilis on Chenopodium alhum. Fig, 9 
of infocto l |(‘af showing iiaiistona anti coming oul of conitliuphores through 
a. stoma ( X I tO). Fig. i) c. i’onidia ( X 280). 



of tin* trunk ; primary and secondary brandies curved, usually 
spn^ading ; uitiniatc' branclilds unequal, pointed at ae.iite to right 
uugbrs, aj)peari ng lika^ tiu‘ open pairs of a forceps, upto 30 /x long. 
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Oow-ifik.— Broad, rarely pointed, usually globose to sub-globose, 
24-33 X 19-30 /x and without a nipple. 

Oovspores not seen. 

Eemarlcs . — There is some confusion regarding the nomenclature 
of this fungus. Butler and Bisby (1931) state that the Peronospora 
on 0. album is P. ejfusa and Mundkur (1938) places it in P. variabilis, 
EviAently both the mildews occur on this host. They differ in the 
following respects : — 


P. effiisa 

P. variabilis 

1. 

Appears early in February. 

1. 

Appears late in July. 

9 

No, of conidiophores coming 

O 

■ 

No. of conidiophores coming 


out through each stomata 


out through each stomata 


2-8. 


1-6. 

3. 

Conidiophores dividing 5-8 

3. 

Conidiophores dividing 3-5 


times. 


times. 

4. 

Conidiopliores much longer 

4. 

Conidiophores upto 457 /x 


up to 550 fi. 


long. 

5. 

Coiiidia elliptical, elongated 

5. 

Conidia broader and rarely 


and pointed, provided with 


pointed, usually globose or 


a distinct nipple, 22-33 X 


sub-globose, 24-33 X 19-30/x, 


19-23 /X. 


no nipple seen. 

6. 

Oospore stage well develop- 

6. 

Oospore stage not observ- 


ed. 


ed. 



10. Peronospora KocMm Gaumann, MiU. Naiurf, Ges. Bern,. 

1918 (1919), p. 64. 

EosL — KocMa mdiea Wight. 

Loc. — Lahore, March and April. 

Symp , — ^Tips of infected leaves bleached ; small cottony grey- 
violet patches beneath the bleached areas ; disease not very common 
and caused little harm to attacked plants. 

Gonidiophores. — Eobust, emerging in small numbers, 5-7 times 
dichoiomously branched, 130-551 p long ; trunk erect, 285 X 7-11 /x ; 
branches covering a length equal to that of the trunk; primary 
branches straight and parallel, intermediate ones curved ; ultimate 
branehlets curved, pointed unequal, small, upto 20 a long, diverting 
at an obtuse angle. 

Obtuse to ellipsoid, tapering towards one side but 
not pointed; drab brown when young, greyish brown when old, 
wull black,. 22-37 X 15-19 /x, without a nipple. 

Oospores, 30-37 /x in diameter ; oogonial wall brownish ; 
opispore tluck, rough, wrinkled, deep brown ; exine smooth, spherical, 
drab white. ? x ? 
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Fig. 10. Peronospora KocUm on KocUa indica. Fig. 10 A part of 
the T.S. of the infected leaf showing haustoria, oospores and 
of a oonidiophore (x 280). Fig. 10 c. Conidia (x 280). Pig. 10 d. 
Oospores ( X 285). 

[A'ote.— Gaumann (1918) described P. KocUm on KocUa 
sedoides Scwad. and the species has so far been reported only troni 
Eussia. He did not find oospores which have been lor the first time 
recorded and described here,] 

Peronospora Species on Papaveracese 

11. peronospora arbor escens (Berk.) de Bary, A^in. Sci. 

Ser, 4, XX, p. 119, 1863. 

Host, — Papaver Ehoeas L. 

Loc. — Lahore, March to April. 

—Infected areas withered and whole leaves covered with 
pale brown spots which are abundant and aggregated towards the 
apex and margins of leaves ; grey-violet downy growth scattered 
over whole of the under- surface of the leaves. . 

Gonidiopliores . — ^Emerging through stomata in small groups, 
4-^7 times dichotomously branched, robust, sub-erect, 204-389 
long; trunk cylindrical, elongated, 93-270 X 4-11 fx ; crown oi 
branches covering half the length of the trunk ; primary branches 
straight, secondary and the upper ones flexuous and rarely spread- 
ing ; ultimate branchlets curved small, situated at acute or right 
angle, rarely obtuse, recurved, sharp-pointed upto 41 /x long. 
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Fig. 11. Peronospora arhorescens on Papaver Rhoeas. Fig. 11 6. Part 
of the of the infected leaf showing haustoria and coming out of a 
conidiophore ( X 280). Pig. 11 c. Conidia ( X 280). Pig. lid. Oospores 
(X 285). 


Conidia . — Greyish brown, globose to sub-globose or ellipsoid, 
never pointed, 19-33 X 19-22 /x. 

Oospores. — 26-52 p in diameter, spherical ; oogonial wall persis- 
tent, drab brown; epispore deeply drab brown, irregular; exine 
pale, iaiiitly greyish brown, bright, smooth, completely spherical. 

Peronospora Species ok Rubiace^ 

12. Peronospora Aparine.s (de Bary). Gaumann, Svensk. Bot. 

Tidslcr.^ XII, p. 444, 1919. 

Host. — Galium Aparine L. 

Iroe.— Fatehgarh, Mian di Khui (Lahore Dist.), Attari (Amritsar 
Dt.), March to April. 

— Infected leaves turn pale, grey-violet downy growth 
Oil the under -surface of the apical part of the leaves. Leaves being 
liairy, the minute downy patches can be made out only by careful 
observation. 

Conidiophores. — 4-7 times dichotomously branclied, robust, 
93- ISl p long; trunk thick, erect, or oblique, 37-293 x 6-15 u ; 
firimary bnuiclies given off at acute angle ; intermediate ones 
sSlighll;^ bent or spreading ; ultimate branchlets small, pointed, 
curved, thin, unequal, 5 ft long. 


THE GENUS PEEONOSPOEA IN THE PUNJAB 


209 



Pig. 12. Peronospora Aparines on Galium Aparine. Pig. 12 b, A part 
of conidiophore ( X 420). Pig. 12 c. Conidia ( X 280). Pig. 12 d. Oos- 
pores (X 285). Pig. 12 e. T.S. of infected leaf with oospores (X 175). 

Conidia,. — Elliptical or globose, siniilaT on both sides, sometimes 
one end broader, pale brown or drab brown when yonng, 
19-37 X 15-20 /X. 

Oospores. — Well developed, 22-40 fx in diameter ; oogonial wall 
X>ersistent, irregular, wrinkled, epispore deep brown, characteristi- 
cally spongy ; exine smooth, pale brown, bright, completely 
spherical. 

Peronospora Species on Cruciferae 

13. Peronospora Brassiem Ganmann, Beitr. Bot. Centr,, 
XXXV, Abt. 1, p, 131, 1918 and Beitr. Krijpt. SeJt.^ V, 
p. 260, 1923, 

Hosts. — Brassica eampestris L. ; Brassica napus L. ; Baphanus 
sativiis L. ; Malcohnia africana Br. 

Loc. — Common all over. January to April. 

Symp. — Infected areas bleached and raised on upper- surface in 
a few, corresponding areas on the under-surface possess w’-hite 
cottony patches scattered all over. Infection on Ilaleolmia africana 
was more pronounced. 

Gonidiophores. — On B. campesiHs ; Eobust, emerging through 
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H3I 13Q- W 13Dfc 13Dd 

Fig. 13. Peronospora Brassicce on : — A. Brassica campestris: Fig. 13 b. 
Conidiophore with conidia ( X 420). Brassica napus : Fig. 13 c. A 
fascicle of conidiopliores coming out of a stoma ( X 280). Fig. c. Conidia 
( X 280). 0. Raphanus saiivus : Fig. 1 6. A part of conidiophore { X 420). 
Fig, 0 . Conidia ( X 280). D. Malcolmia africana: Fig. 5. A part of 
conidiophore (X 420). Fig. c. Conidia (X 280). Fig. d. T.S. of the 
infected leaf with oospores ( X 175). Fig. e. Oospores ( X 285). 

lastly iiiitTloeked ; ultimate branchlets thin, pointed sharply, equal, 
hooked at the tip, upto 30 p, long. 

Oh B. napus : Eobust, coming out through stomata in small 
groups, 5-»8 tiriies diehotomously branched, 74-625 /x long; trunk 
straight or slightly oblique, 26-440 X 8-20 /x ; branches forming 
more or less a triaugular mass and covering one third of the length 
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of the trunk ; primary branches and utlimate branchlets similar as 
in the last. 

On Eaplianus sativus : Drab brown, coming out through 
stomata in groups 5-7 times dichotomously branched, 148-537 /x 
long; trunk erect or oblique, 43-370 X 11-19 /x ; branches forming 
more or less a compact triangular mass ; covering about one half of 
the length of the trunk ; lower as well as upper branches similar as 
in the last. 

On Maloolmia africana : Eobust, coming out through stomata 
in large groups, upto 7 times dichotomously branched, 222-489 /x 
long; trunk thick; erect or slightly oblique, 130-378 X 14-19 ft ; 
branches covering about one third of the length of the trunk ; pri- 
mary branches straight and going outwards, upper branches more 
curved and fastly interlocked ; ultimate branchlets thin, sharp- 
pointed, equal, imnning parallel like the pairs of a forceps upto 30 /x 
long. 

Gonidia. — In form, shape and colour, they are similar in all 
cases, differing only slightly in dimensions. Obtuse to sub-obtuse, 
both ends similar, robust or drab brown ; 15-20 X 15-19 ji in 

E. eampesiris ; 22-28 X 22-24 p in E. naptts ; 11-26 x 11-19 a in 
Eaplianus sativus ; 19-26 X 15-19 /x in 3Ialcohnia africana. 

Oospores. — Observed only in Ilaleohnia africana in March. 
37-56 /X in diameter ; oogonial wall persistent, drab brown ; epispore 
deep drab brown, thick, irregular ; exine smooth, pale greyish, com- 
pletely spherical. 

14. Peronospora parasitica (Pers.) de Bary, Rech. sur, Ann. Sci. 

Nat, 1863, Ser. 4, t. XX, p. 110. 

Host.—Eruca sativa Mill. 

Loc. — Common, February to March. 

Symp. — Confined to stem, branches and peduncles (never seen 
on leaves). Infected parts hypertrophied and much curved. 
Growth snow-white in the form of long, cottony* hanging threads or 
tufts. 

[In association with Cystopus candidus (Pers.) (Lev.)] 

ConidiopUres.— Robust, emerging in clusters, upto 8 times 
dichotomously branched, 204-670 p long ; trunk thick, erect, bulb- 
ous at base, 111-474 X 11-22 p ; branches cover about one half 
the length of the trunk ; primary branches spreading, secondary 
ones curved, interlocking ; ultimate branchlets thick, sharp-pointed, 
equal, at acute angles, usually running parallel, often curved back 
and hook -like near the tip, upto 30 /x long. 

Gonidia.—Famtlj greyish brown, globose to sub-globose with- 
out difference between apex and base, 15-22 x 11-18 /x. 


K: 


r* 



^ P 



pi 

: S g* W 


ti'l 


i; ■ r 

IS 


; 

i . 

1. 1 |ii 

> 


il'i 



I III 

! n 






‘ 


» ltl 

gr 




KAETAB SINGH THINB 


rora Ganmann, Beitr 

XXXY, Abt. 1, p. 139, 1938 and Beitr. 
p. 276, 1923. 


Host. — Sisymbrium Irio L. 

Loe. — Common, February to March. 

Symp . — ^Minute cottony tiiits on brov/nish circular spots on the 
uiider-suruice of the leaves, corresponding areas on upper suriace 
pale, tufts wliito, scattered over entire area, rarely aggregated into 
small patches. 

Goniiliopliores. — ^Drab brown, emerging through stomata in 
fascicles of 3 (2-4 or more), 3-8 times branched, 81-407 /x long ; 
trunk erect (never oblique), thick, drab brown, 19-259 x 11-15 ft ; 
])rauches covering about three-iourths the length of the trunk. Coni- 
diopliore branching rather peculiar ; trunk never bifurcates dichoto- 
mously at top but continues as such bearing branches on its right 
and left, trunk itself taking up the function of conidiophore growth ; 
gradually decreases in thickness as it grows ; no bend or curve and 
conidiophore looks erect with stretched out branches at the ui)per 
r(‘gion. I ait eral branches which are not borne dichotomoiisly are 
the primary branches ; these branches subsequently divide dicho- 
toinousiy ; ultimate branehlets sharp-pointed like spines, curved, 
running into each other, acute angle, more or less equal, upto 
25 /i long. 
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Pig. 15. Peronospora Sisymhryii-officinalis on Sisijynhrium Irio, Fig. 15 6. 
Conidiopliores corning out through a stoma ( X 2S0), Fig. 15 c. Conida 
( X 280). 

Gonidia, — Sub-globose to broadly oblong, rounded at both ends, 
drab brown, wail blackish, 15~-30 x 15-22 /x. 

Oospores not observed. 

Peronospora Species Plantaginaceae 

16. Peronospora' plantaginis Underwood, Bull, Torey Bot, Club, 
XXIV, p. 83, 1897. 

Host. — Plantago amplexicaulis Cav. 

Log, — Lahore, March and April. 

Symp. — Infected leaves become bleached on upper-surface, 
downy patches usually on the underside towards the apex or at 
margins which are curved inwards. 

Conidiopliores. — Solitary, 4-7 times dichotomously branched, 
erect, slightly robust, 67-592 [x long ; trunk upto 448 X 6-11 /x ; 
branches cover one-third of the length of the trunk and given off 
at acute angles ; rachis straight and spreading ; growth con- 
tinued by the main central branch which appears to be the continu- 
ation of the trunk ; ultimate branchlets small, curved, acute-angled, 
rarely at right angle, wide apart or running parallel, 5-15 /x long, 
l^hick, blunted, rare! jr sharp-pointed. 
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16c 

Pig. 16. Peronospora plantuginis on Plantago amplexicaulis. Pig. 16 5. 
Conidiophores coming out through a stoma ( x 140). Pig. 16 c. Gonidia 
( X 280). Pig, 16 d. Oospores ( X 285). 

Conidia. — Large, smoky (or dark brown), broader at one end 
and narrowed at the other with a papilliim, ovoid-oblong or broadly 
ellipsoid, 33-46 X 15-30 ft. 

Oospores. — In old and badly infected leaves ; 22-45 p- in dia- 
meter ; oogonial wall persistent and slightly brownish ; epispore 
drab brown ; rough, irregular ; exine whitish grey, smooth, com- 
pletely spherical. 

[Note. — This species agrees most with Underwood’s P. planta- 
ginis on Plantago arisiata but the presence of a papilla on the conidia 
and the oospores which were soiar unknown raises a doubt regarding 
this identification. Peronospora alia of Puckel on Plantago lancea- 
Mia Jj. and P. major L, has also, oospores but their measurements 
given by Gaumann (1923), indicate that they are much smaller; 
the conidia of Puckel’s fungus are also smaller. A comparison of the 
Punjab fungus with the types of Peronospora plantaginis and P. alia 
can alone decide to which species this fungus belongs. The present 
detemiination is tentative.] 

Summary 

In this paper 16 species oi Peronospora occurring on 20 hosts in 
the Punjab have been described ; six of these species are new records 
from this country and seven of the hosts are also new records. 
Peronospora Brassiem Gaumann has been for the first time reported 
on Maleolmia africana Br. 
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We mourn tke death of 


ALBERT CHARLES SEWARD 


(■fll April 1941) 


Doyen of PalcTobotanists 

whose noble personality, no less than his vast 
learning, was a fountainhead of inspiration to 
the Indian school of palaeobotany. 


PALiEOBOTANY IN INDIA 


Progress Report for 1941 


Eote 


These reports are published with the eo-operation and authority 
oi a working eoinmittee. They are based upon data for which the 
members are severally responsible, the convener acting as an 
editor. 


CJolleagiies desiring to receive the reports should send a 
request to the convener, who will be glad to place their names on 
the mailing list. 

We regret to say that owing to conditions arising out of the 
war the papers by C. Jacob, K. Jacob, A. E. Eao, B. Sahni and 
II. S. Eao, andE. V. Sitholey (announced in the report for 1940) of 
which the p ublication was expected in the Memoirs of the Geological 
Survey of India (Palseontologia Indica) cannot now be printed 
during the pendency of the war. 


Department of Botany, 
The University, 
Luelcnoio , In d la , 
February 17, 1942. 


B. Sahni, 
Convener. 

E. V. Sitholey, 
Secretary, 


Permo-Cauboniperoub 


Aiistralia. — 1>. I). Pant (Lucknow) is continuing his study of 
the microflora of some Australian tillites. In the Bacchus Marsh 
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tillite from Yietoria lie has ioiiikI, in addition to the kinds of spores 
previously recorded by Mrs. Jacob (Eeport for 1939, pp. 202-3), 
about a dozen types of unwinged spores, some spores with a single 
wing, two-winged spores including forms referable to Pityosporites^ 
and three-lobed spores similar to BmiFytrilislrhim (t^anniova). 
Two types of tracheids have also been obtained. 

South Africa . — By macerating material of the Dwyka tillite 
from near Johannesburg sent by A. L. dii Toit and T. hi. Leslie, 
Pant has obtained some spores, bits of tissue with thick-walled 
cells, pieces of cuticle, and wood, fragments. 

Mirzapnr IHstrieL — K. Pi. Mehta (Benares) is engaged at 
Lucknow in describing the microdora of some carbonaceous shales 
from the SingTauli eoaliielcl, a part of which lies in tlie south-west 
eoroer of the Mirzapnr district, U.P. The material was collected, by 
li. C, Misra of Benares from a liorizon in the Lower Gondwanas 
believed to be Barakar. 

(a) Winged spores, 120 p to 180 /x. Flat and disc-like with 
a central body surrounded by a frilled membranous wing which 
in some cases is radially striated. Tliese spores recall the one- 
winged spores described by Mrs. Jacob from the Lower Gondwanas 
of India and Australia. Also a few spores with a roundly tri- 
angular body surrounded by a narrow wing, and some 2-winged 
spores of the PUyosporites type. 

^ (h) Vnwinged spores . — Three megaspores (319-388 p) with 
iriradiate ^ mark and warty or granular surface. Bound micro- 
spores (66 p, to 96 /x) with triradiate mark; also some clumps of 
much smaller (24-41 n) thin walled mierospores without the trilete ; 
and some roundly triangular microspores with at least three 
different types of surface features. 

(c) Ciiiieles . — Several types of cuticle.s bearing stomata 
surrounded by 4 to 6 or 7 subsidiary cells. Some have papillate 
epidermal cells. The paj)ilhe on the subsidiary cells are well 
preserved and seem to provide a sort of interlocking arrangement 
tor the protection of the stomatal openings. These papillate 
cuticles bear a close resemblance to those of LebaoUa (E. Florin 
I alceontographica, ^ Die Coniieren des Obercarbons und des iinteren 
Perms ^ 1-4, 1938-39). 

(ft.) Stone cells of various shapes and sizes and clear canals 
traversing the thickening layers right down to the middle lamella. 

(e) ^oads and iraclmds.— About two dozen types of wood 
m the form of well preserved shreds. Some of the tracheids show 
spiral thickemng bands combined with bordered pits (Taxinean 
sculpturing). ^ ' 



Loiver (rondwa/na coals. K. Jacob and Mrs. Jacob (Calcutta) 
are luvt^stigatmg tbe microflora of Gondwana coal seams and have 
(ibtaimM sp<>res from the Satpiikuria and Ghiisik seams in the Eani: 

gauj at Angul, and from certain 

in the Jliaria coalfieldf 
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Triabsic 

Salt M.ange, B=. Sitlioley (Luckiiow) has now completed 
the description of the fossils collected by -E. E. Gee. The micro- 
sporophyll bearing pendulous sporangia'’ in epaulette-like clusters 
has been referred to Indotheea saliesarensis n.g. et sp. This is the 
first record of a pteridospermoiis microsporopiiyil from India. The 
paper, entitled Plant rejnains from the Triass ie of the Salt Range 
in the Punjab^ will be published by the Geological BiirTey of India. 

J URABBIC 

Pajnidhal .Uills^ A. E. Rao (Ijiucknow) is continuing* Ills work 
on the silicified flora of the Eajmahal liills, Behar. Two new 
species of IHtyosporUes and two of tliree-winged spores (possibly 
Eodocarpinean) have been discovered, besides some sporangia and 
spores of uiicertain affinity. 

Salt Jx.ange, B. Sahni and E. Sitlioley (Lucknow) have 
continued w^ork on tlie speciineiis collected by 13. E. Gee. Two 
new species of Phlebojiteris (P, hirsirla and P. indica) with, well 
preserved sporangia and spores are created. Three sterile ferns are 
provisionally described as species of Cladoplilchis Phlebopteris). 
The cycadoph^'^ ta include three new species of Otozamitcs^ one of 
whicli has been named Otozamites pecten sp. n., and a few badlv 
preserved leaves of PtilophylUun. Among the conifers three dis- 
tinct (probably «new) species of Braehypliyllum are recognisable. 

Afghanistan, — K. Jacob is describing a collection of well pre- 
sen ed fossils biouglit by I). I^ est irom the Saighaii series. 
Several species are recorded for the first time from this area. Well 
preserved spores of KluJda exUis, as well as cuticles of Ctenis sp 
and Pteropliyllum sp., have been obtained by maceration. 

Andigarria (Geylon ). — Miss Janet’s unfinished work on the 
microflora of tlie Andigama shale is being completed in a joint 
paper with Salmi wdio has macerated a quantity of further material 
from the sa-me locality. Among tlie 18 or 19 different types of 
cuticles so far recovered a considerable proportion sliows deeply 
sinuous epidermal cell w^alls and transversely placed stomata of 
the syndetocheii type, indicating that the Eennettitales were 
strongly repi’esented in the flora. Others have haplocheil stomata 
suggesting a Cycadean affinity. One of the ten or niore species of 
woods lias tracheids with a mixed pitting suggestive ot either a 
homoxylous angiosperm or a cycadeoid ; there are no true vessels. 
The rest of the woods are of coniferous types. The composition of 
this microflora is strongly in favour of assigning the Andigama 
shale to a Jurassic horizon, and therefore confirms the opinion of 
Deraniyaga la tentatively^ expressed on other grounds. Some of 

1 1939. Acarbonaceous .Turassic shale from Ceylon. Ceylon Journ. 

/Sc?.., Sect. B, Pfc. 3, p, 193. 

1940. Gondwana deposits of Ceylon. P, oc. S7th Tnd. Sci. Conor., 

Ft. IV, p. 77. ’ 

1941. Some^ botanical fossils from Ceylon. Journ. Boy. As. Soc., 

Ceyl. Branch, Vol. 35, No. 93, p. 57. j > 
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these cuticles may belong to Upper Gondwana species of Cycado- 
phyta already known from leaf impressions in the Madras 
coast outliers. 

A peculiar flat seed-like body with a dark nucule and a thin 
border is of unknown affinity. Considering the large proportion 
of Bennettitales in this flora it may be possible to refer at least 
some of the microspores, and perhaps also this seed”, to that group. 
Maceration of further material promises useful additions to our 
knowiedgo of the Upper Gondwana flora of Ceylon. 

Ceylon {Tabbotca and Andigama). — E. V. Sitlioley has completed 
a paper entitled Jurassic plants from the Tahbowa series in Ceylon. 
The material was sent by Mr. D. IST. Wadia, Mineralogist to the 
GoTernment of Ceylon; it includes about twelve different plant 
types of which two, riz,, CladopMebis sp., and Flatocladus plana 
come from Andigama; the rest were collected from Tabbowa. 
The genera PtilopJiyllum and Otozamites are recorded for the first 
time from the island. Two new species, CladopMebis zeylaniea and 
Sphenopteris Wadiai, aiC created. 

Jurassic or Cretaceous 

Trichinopoly district. — K. Jacob and IST. K. N. Aiyyengar 
(Calcutta) are describing from Yaragur, near Ariyalur in the Trichi- 
nopoly district, a specimen provisionally referred^ to Cyeadeoidea. 
The fossil (discovered by Aiyyengar as a loose block on the surface 
of the ground) is badly preserved, and no flowers are available. 
But wedged in between the large rhomboid foliage-leaf scars there 
are several groups of smaller scars arranged like the bracts round 
the floral peduncles of a Cyeadeoidea.'' The locality lies further 
south than the present southernmost limit of this genus. Although 
not found in situ the fossil is probably of Cretaceous age : it was 
picked up from an area mapped as Cretaceous. 

Lower Cretaceous 

Giikdi.—T. S. Mahabale (Ahmedabad) has made a collection of 
Upper Gondwana plants including ferns, conifers, and cycado- 
phyta as well as some seed-bearing scales and petrified wood from 
Bhuj and Kakadbhit (Cucurbit) in Cutch. On maceration some 
of the specimens have yielded spores and tracheids. 

Tertiary 

.4s.s’am (Eom>.e).—K. S. Eao (Tumkiir, Mysore State) has com- 
pleted the investigation of the limestone algal flora. The plants 
belong to two distinct families : Corallinacese and Dasyeladace® 
A paper entith'd Fossil Algw from Assam, I: The GoralKnaeem has 
been sent lor piihlication in the Beeords of the Geological Survey 
of India. 1 he paper describes two new species of ArcheoUtho- 
thnmninm, A. nongsteimnsis and A. langrinensis. The occurrence of 
these iorms in the limestones of this area serves to fix the age of 
these (loubtiully Cretaceous beds a, s Eocene. The evidence of the 
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alg® is not at variance with the recent work of C. S. Fox and 
A. M. IN'. Ghose proving that the Cherra sandstones belong to the 
Lower Tertiary age. 

The report on the Assam Dasycladacefe is now being pre- 
pared as a separate paper for the press. 

Beccan Intertrappean.—B. Sahni has published the following 
paper: “ Indian silicified plantx — 1. Azolla intertrappea Salmi and 
H. 8. Bao, ” Proo. Ind. Acad. ScL Sec. B., Vol. XFV", 1941, pp. 489- 
501, with three plates and one map. A megasporocarp is figured 
with massula; anchored to its filaments by means of the glochidia. 

Chhindu'ara, \. B. Shukla (Lucknow) lias described a second 
new species of Badoxylon stated to have been collected from near 
Chhindwara. Like Badoxylon Beccani Shukla, to which this new 
species is related, it shows a combination of alternate and opposite 
pits. He has also desci’ibed a gymnospermous wood, Cupressino- 
xylon iniertrappeiim nov., with the bordered pits occasionally 
alternate. In this feature this wood resembles C. altcrnans Sahni 
in which alternate pitting is an almost constant feature. 

Moligaon ZuZaw.— Shukla collected on 8th March and subse- 
quent dates about 35 specimens of petrified angiospermic flowers 
from Mohgaonkalan. The preservation of most of the flowers is 
so perfect that it has been possible to make a complete floral dia- 
gram and floral formula. The flowers average 6 mm. in length and 
are stalked. They possess a calyx, a garaopetalous 8-lobed tubular 
corolla, 8 epipetalous stamens and a shortly stalked superior 8-locu- 
lar ovary with axile placentation. The anthers are seen in different 
stages of dehiscence; they all contain pollen-grains. A few 
pollen grains have been found lying in the corolla tube. The flowers 
were definitely heterostylous; most of them are short-styled and the 
rest long- styled. The stigma is capitate. Several vascular bundles 
have been found in the wall of the ovary leading up to the stigma. 
The floral structure helps to identify the jilant as a member of the 
LythracesB. The characters of the ovary show such a close resem- 
blance with the fruit Enigmocarpon Parijai, described by Sahni 
from the same locality, that there is hardlv anv doubt about the 
fruit and^ the flower belonging to the same plant.'" Both the flowers 
and the fruits are abundant at this locality and frequently occur in 
close association with each other: neither' of them have been found 
at any other locality. For the flower the new generic name 
Sahnianihiis is proposed. 

Shukla has also described a noded monocot stem (2-3 cm. in 
diameter) from the same locality. The vascular bundles appear 
to be without any fibrous part and the wood seems to resemble 
that of some solid bamboos. 

Almora district. — B. Sen (Almora) has found some leaf impres- 
sions of dicotyledons on boulders lying on the surface near the 
Vivekananda Ashram at Shyamalatal (Sukhidhanj P.O.) not far 
from the junction between the Sarda and Ladhiya rivers at the 
western border of Hepal. 
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Bihar . — Of the 27 wood specimens under investigation by K. A. 
Chowdhury (Dehra Dun) one shows similarity to Dipterocarpo- 
.rylon garoeme Chowdhury. This specimen comes from the laterite 
deposits of the Eaniganj coalfield and its identification is of interest 
as some doubt exists about the correct age of the deposits. 

Assam . — ^From an investigation of the wood specimens collected 
from the bed of Tailangthu river K. A. Chowdhury and a co- 
worker have found that one specimen shows a great resemblance 
to the living genus Eayea (Guttiferie). Out of twenty other 
specimens collected from near Lumding, Nowgong, 15 have been 
identified by Chowdhury as Ghitoxylon. 

Burma . — One of the woods from Burma investigated by 
Chowdlmry exhibits some resemblance with Terminalia. 

orth TFcst Frontier Province. — S. E. 27. Eao (Bangalore) has 
puhli.shed the following paper: “ An algal flora from the I/jcMart 
Limestone{Eanikot Series) of the Samana range, North Western India''’ 
Journal of the Mysore. University, Vol. 11, pp. 41-53, 1941, with two 
plates. To the new species previously reported have now been 
added Mcrophyllum daviesi sp. nov. and Neomeris (Larvaria 1) sp. 

Sind. — S. E. 17. Eao in “A preliminary report of some calcareous 
algw frotn the uppermost Eanikot bed of Jhirah, Sind,” records the 
genera Neomerw (Larvaria), Dactylophora 7 and Lithothamnium. 

Andaman Islands. — S. E. 27. Eao has completed the investi- 
gation of the algal flora from Long Island in the Middle Andamans. 
Ilis paper entitled “Calcareous algce of the sub-family Corallininece 
from a Lepidocyclina — limestone from the Andamam Islands” describes 
Amphiroa oceanica sp. nov. and Corallina andamanensis sp. nov. 
The latter has been shown to be different from GoralUnia grandis (= 
Litholhamnium grandis Das Gupta). The age of the Andaman 
flora on the evidence of the associated foranainifera is considered 
to be late Oligocene or early Miocene. 



Pleistocene 


G. S. Puri (Lucknow) is continuing the description of the 
Karewa flora to which considerable additions have been made in 
recent months. All collections (about 21 in number) so far made 
irom these beds have been acquired and detailed studies are in 
progress on this material, which now comprises several thousand 
specimens ^thered by de Terra, B. Sahni, E. E. Stewart, T. E. 
C hadha, P. Bhasin, Earn 17ath, S. S. Gergon, E.Sarup and the author, 
besides the earlier collections by Middlemiss. The localities are 

Dangarpur (6,300 ft.), 27augam 
(<),.500 it.), fsagbal (6,600 ft.), Satar Siran (about 6,.500 ft.l, 27ilasar 
(about 6,400 ft.), 27ambil 27ar (7,000 ft.), Hajabal (about 7,500 ft.), 

n n'rnn t! f ' n* i ' ' ’ ’■*/)> ^f'OSaJipathri (8,800 ft. ), Liddarmarg 

9 800 ft ) ’ ^"i^Uah (9,000 to 
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Tlie fossOiferoxis outcrops at Laredura and Liddarmar^ ■were 
first thought by De Terra (see E. P. Wodehouse and H. de Terra, 
1935, “ The Pleistocene pollen of Kashmir,” Mem. Conn. Acad., 
VoL IX, pp. 1 and 5) to be a part of the Upper Karewa formations 
but now he considers the fossiliferous beds at all the above-men- 
tioned localities to belong to the upper part of the Lower Karewas 
(H. de Terra and T. T. Paterson, 1939, “ Studies on the Ice Age 
in India and associated human cultures,” Carneg. Inst. Washington, 
pp. 109-11, and PI. LY). ■ j o , 

The following further genera (with the number of species giv'en 
in brackets) are described from tlie new material:— PanMncnliw (1), 
Clematis (1), Geratophyllum (1), Nelmnhium (1), Myriophyllum (D, 
Pmnus (2), Eosa (2), Ihihus (3), Tndigofera (2), fSaUx (6), Popidus (4). 
Betula (3), Garpinus (2), Corylus (1), Geltis (1), Elaeodendron (1), 
Sageretia (1), Leea (1), Aesculus (1), .Rhus (4), Lannea (1), Juqlans 
(1), Engelhardtia (1), Marlea (1), Hedera (1), Framnus (2), Olea (1), 
Hamillonia (1), Randia (1), Wendlandia (1), Viburnum (2}.*tLonicera 
(1), Leycesteria (1), Inula (1), ? Sparganium (1), Picea (1), Cedims (1). 

In addition to these some more species of the following genera 
which were reported last year (Keport for 1940, p. 8) have also 
been recognised from the new material:— Ecrfieris- (2), Trapa (1) 
Pyrus (4), Gotoneaster (3), Spiraea (1), Desmodium (.3), Quercus (31, 
Ulmus (3), Rhamnus (1), Acer (C), Cormis (1) and Myrsinc (1). ' 

The Karewa beds have so far yielded 122 species belonging 
to 62 genera and 34 families of angiosperms and 6 species belonging 
to 5 genera of gymnosperms, besides some ferns. The families 
best represented are Salicaeeae with 10 species, Papilionatm with 
9, Acraceo! with 8, Pagaceffi, Betulacem, and Ijauraccre with 
o each, Anacardiaceas, Caprifoliacese, Oleace^ and Ehamiiacese 
with 4 species each. 

While the flora as a whole is modern in its composition it 
includes a larger number of species which do not grow in the 
Kashmir valley to-day. The five species of Quercus, which are 
very abundant in the fossil beds, are not to be seen in the present 
vegetation of the Pir Panjal Eange or in the Kashmir valley. 
This suggests that physical and climatic conditions have consider- 
ably changed since the time when the valley was occupied by oak 
forests. Another interesting fact is the difference between the alti- 
tude at which the fossil species have been discovered and the height 
at which their modern representatives now grow in the North- 
West Himalayas. Some species of water plants, e.g., Trapa, have 
been found in very great abundance in the fossil state at a consider- 
ably higher altitude (9,500 ft. or even more) than the level at which 
they are seen growing to-day (5,200 ft.) in the valley. There thus 
appears to be evidence of uplift by at least 5,000 ft. of the fossil 
beds, since the time they were deposited (see B. Sahni, 1936 “ The 
Karewas of Kashmir,” Current Science, Vol. V, p. 11). 

Ceylon {Ratnapura district). G. S. Puri’s description of the 
fossil stem sent by P.E.P. Deriyaniyagala has been published in a 
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paper entitled A fossil bamboo stem and some associated plant 
remaim from the gem deposits of Ratnapura district ^ Geylo^i."' 
,<^poUa ZeijUnica, YoL XXIII, Pt. I, pp. 23-26, 1941, 3 Pis., 2 Text- 
figs. The stem lias been identified as Bambusa vulgaris, Scbrad: 
on maceration the wood was found to be heavily infected by a 
fungus with septate and branched hyph®. The leaf impressions 
found in the pith-cast have been identified with WrigJitia flavido- 
rosea Trim. Both these plants are represented in the modern 
flora of Ceylon and their occurrence in the gem deposits confirms 
Beriniyagaia’s view regarding the Upper Pleistocene age of the 
beds, 

LAB0E4T0RY TECHNIQUE 


In a brief note Perminmt laheh f or miorosoope . slides,' 
Current Science, Yol. X, Xo. 11, Xovember 1941, pp. 485-86, 
Salmi suggests that fossil slides can be effectively labelled by writin 
with a lead pencil on the ground surface of the slide and then 
putting a coverslip. The Canada balsam makes the ground 
surface transparent again, leaving the pencil writing on a clear 
background. Such labels are particularly suitable for damp 
tropical climates. 
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The alga forming the subject of tins communication was collected 
in December 1940 from a paddy field near Madras. It occurred 
in a stray manner among other algte and was present only for a very 
short period. 

The alga is small, straight and cylindrical with a well-defined 
median constriction (Text-figs. 1-3; PI. IX, Pig. 1). It is 13-14 ^ 
broad and is about 8—10 times as long as broad. The ends of the 
semi-cells are somewhat dilated and trilobed, each lobe being broadly 
rounded and bearing two to four short spines (Text-figs. 1-5; PI. IX, 
Pig. 1). The cell wall is smooth and hyaline. In each cell there 
are four ehloroplasts arranged in a median row, each semi-cell having 
two ehloroplasts (Text-fig. 1; PI. IX, Pig. 1). The ehloroplasts are 
axile with 6-8 radiating plates and a large central pyrenoid (Text- 
fig. 1; PI. IX, Pig. 1). The nucleus is situated at the ikhmus region. 

The zygote is formed in the usual manner by two cells coming 
near each other and becoming enveloped in a common mucilage 
(Text-fig. 3). It is spherical and has a thick wall with a crenate 
margin and measures 42-0 /x in diameter (Text-fig. 3; PI. IX, Pigs. 
2, 3). 

Discussion 

The alga in its elongated shape, circular cross-section and in 
having two median axile ehloroplasts with radiating plates in each 
semi-cell, comes very close to Penium. But it differs from Penium 
in having trilobed terminal portions. It resembles Pleurotcenium 
to a certain extent in its general shape, but is quite distinct from 
Pleurotmnium in having trilobed ends and also in having two median 
axile ehloroplasts in each semi-cell. Again, it shows some resem- 
blance to Ictliyocereus, but in letliyoeerem, the ends are flattened 
and bilobed as in Tetmemorus, whereas in the present alga the ends 
are definitely trilobed. Pinally, in having trilobed ends, it shows 
some resemblance to Staurastrum, but it differs from Staurastrum 
in having two median axile ehloroplasts in each semi-cell. 

From the foregoing it is quite evident that the alga combines 
in a way some features or other characteristics of each of the above- 
mentioned genera, but cannot be referred to any one of them. It 

* Prom the Department of Botany, University of Madras. 
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Tcixt-figs. 1-9. — Fig. 1. A cell showing the chloroplasts. nucleus and 
the trilobed ends ; each lobe bearing 3 spines ( x 725). Fig. 2. Two cells 
just after division remaining in contact with one another ( x 550). Fig. 3. 
Two colls conjugating with one another with the fully formed zygote in 
between them (x 550). (Drawn from living material) (m, limit of the 
mucilaginous envelope). Figs. 4 and 5, The ends of two different speci- 
mens to show quadri-spinate and trispinate lobes { X 1125). Fig. 6. TW- 
plastnim ahhreviatmn (Turner) comb. nov. (Redrawn from Turner, 1892) 
(X 750). Figs. 7-0. TripMrum simplex (Allov^e) Gomh.ixoY, (Redrawn 
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appears, thereiorej best to keep it in a new genus wMcli may be called 
Triplastrum gen. nov. The alga may be named Triplastmm 
mdicnm gen. et sp. nov. 

A desmid somewhat very closely resembling the present alga 
was described by Turner (1892) and referred by him to the genus 
Triploeeros under the name of Triploceros abbreinatiim Turner 
(Text-fig. 6). The description of this desmid is as follows : Frond 
linear, inflated at extremities ; showing a constriction at the central 
portion which forms a shallow angular notch on each side. Ends 
truncated and inflated, the inflated portion forming 3-4 shallow 
lobes, each terminated by a short tooth. A very rare species of 
which I have obtained only two specimens. G. 0. Wallich '' 
(Turner, 1892, p. 27). 

According to Bailey who established the genus Triplo- 
ceros^ the main characteristics of the genus are : Frond binate ; 
segments straight, much elongated, with numerous whorls of knot- 
like projections ; ends of the segments three lobed ; lobes biden- 
tate ’’ (Bailey, 1850, p. 37). Thus the two main features of the 
genus as originally defined are, (1) the whorls of knot-like projec- 
tions and (2) the three-lobed ends of the segments. Turner 
(1892, p. 27), while referring his desmid to the genus Triploeeros^ 
states : This little form seems a trifle anomalous, when com- 

pared with others of tlie genus, ])ut I think the terminal lobes 
decide its position.” This means that Turner completely ignores 
the first main feature of the genus Triploeeros^ viz., the whorls of 
knot-like projections, and takes into consideration only the second 
feature of the genus, viz., the lobed ends of the segments. This 
ignoring by Turner of one of the two main features of the genus, 
viz., the wdiorls of knot-like projections, in order to include his alga 
in the genus Triploeeros is, in the opinion of the present authors, 
quite unwarranted. Moreover, even the terminal lobes of Triplo- 
eeros ahbreviatum as figured by Turner are not like those of a Triplo- 
ceros at all (e/., West, 1911, pp. 55-56, Fig. 7; Smith, 1924, PL 55, 
Figs. 5-9; Krieger, 193, PL VIII, Figs. 3, 3 a). Again according 
to West who examined specimens of T. gracile which were collected 
by him from the same area as the one from which Bailey collected 
his form, the terminal portions of the segments are flat and bear 
iitwo divergent processes somewhat obliquely disposed and bispinate 
(rarely trispinate) at their extremities. Alternating with these 
processes are two shorter apical lobes each of which terminates in 
an upvrardly curved spine ” (West, 1911, p. 56). Thus both in the 
absence of the whorls of the verrucae and in the nature of the terminal 
lobes, Turner’s desmid is quite unlike a Triploeeros and so, in the 
opinion of the authors, will have to be removed from that genus. 

On the other hand, Turner’s alga, in its general shape and 
structure, shows a great resemblance to the present desmid and 
may, therefore, be included in the present new genus Triplastrum 
and named as Triplastrum ahbreviatum (Turner) comb. nov. The 
chloroplast of Turner’s form has not been described by him, but^ 
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judging from Ms figure (Turner, 1892, PL IV, Fig. 17), the chloro- 
plasts are evidently four, two in each semi- cell, and placed in a 
median row as in the present alga. 

' Allorge (1924, p, 464) described from France a desmid which 
resembled T* ahhreviaium Turner and followed Turner in referring 
this desmid to the genus Triploeeros as Triploceros simplex (Text- 
figs. 7-9). This alga also will have to be removed from the genus 
Triploceros for the reasons stated already in the case of T. abbre- 
matum and included in the present genus as Triplastrum simplex 
(Allorge) comb. nov. In this form, however, Allorge describes the 
ehloroplast as single in each semi-cell. But his figure (Text-fig. 8) 
shows two medianly placed pyrenoids in each ehloroplast suggesting 
that what appears as a single ehloroplast is very probably double 
as in the present alga. 

Description 

Triplastrum gen. nov. 

Cells small, elongate, cylindrical with a well-defined median 
constriction ; semi-cells straight, with nearly parallel sides ; ends 
three or four lobed, each lobe bearing one or more short spines ; 
chloroplasts four, two in each semi-cell ; arranged in a median row 
each ehloroplast axile with radiating plates and a central pyrenoid ; 
zygospore spherical, thick-walled with a crenate margin. 

Triplastrum indicum sp. nov. 
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Cells small, 8-10 times as long as broad, with a well-defined 
median constriction •, semi-cells straight, cylindrical, with sides 
nearly parallel ; ends slightly inflated, trilobed, each lobe broadly 
rounded and bearing 2-4 short spines ; cell wall smooth and hyaline ; 
chloroplasts two in each semi-cell, arranged in a median row ; each 
ehloroplast axile, with radiating plates and a central pyrenoid ; 
zygospore spherical, thick- walled with crenate margin; ceils 80-5- 
91-9/x long; 13*4-14*0 /x broad at the base of the semi-cells and 
14*0-16*7 /X broad at the apices; isthmus ll*7/x broad; zygote 
42*0/x in diameter. 

Habitat . — Among other algse in a paddyfield, Madras, South 
India. 


Triplastrum abbreviatum (Turner) comb, nov. 


(Triploceros abbreviatum Turner. The Freshwater Algjc o1 
India,’' KungL Svenslc. Vetenskap. Akad. EandL, 1892, 25, p. 27.; 

Cells small about 6 times as long as broad with a shallow median 
constriction; semi-cells straight, cylindrical with nearly parallel 
sides; ends truncated and inflated, the inflated portion forming 
3-4 shallow lobes, each lobe bearing a single spine ; membrane 
smooth ; chloroplasts probably two in each semi-cell arranged in a 
median row ; zygospore not known ; cells 65-85 /x long ; 11-15 u 
broad at the isthmus ; 13-17 /x broad at the apices, 

jafaWeaL— Baneegunge, North India (Wallieh). 
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Triplastmm simplex (Allorge) comb. nov. 

{Triphceros simplex, Allorge. Desmidiees dn Lac de Grand- 
Lieu/’ Sev. Algol, 1924, 1, p. 4f>4.) 

Cells siiiall 6-10 times as long as broad witb a sballow median 
constriction ; semi-cells straight, cylindrical with nearly parallel 
sides ; ends not prominently inflated, trilobed, each lobe bearing two 
spines ; membrane smooth and hyaline ; chloroplast one (two f ) 
in each semi-cell ; each cliloroplast axile with 4-5 radiating 
plates; zygospore not known; cells 60-75 'p- long; 7 -5-9.0 p 
broad; 9-10*5 p broad at the apices (without spines) and 
10-11.5 p broad (with spines) ; isthmus 7-8 p broad. 

Habitat . — In lake Grand-Lieu, Paris, Prance (Allorge). 
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It is now fairly well establislied that aiixospore-formation in tbe 
Pennales is the result of a sexual process. In the Centrales, on the 
other hand, auxospore-formation is considered to be an asexual 
process and not a sexual one. Again, the vegetative phase in the 
Pennales is considered to be diploid, reduction division taking place 
during auxospore-formation, whereas, in the case of the Centrales, 
the vegetative phase is generally held to be haploid (Hustedt, 
1930, p. 9). But, some of the recent investigations on the group 
tend to point out that auxospore-formation in the Centrales also 
is brought about by a sexual process as in the Pennales and that 
the vegetative phase even in the Centrales is diploid as in the 
Pennales, reduction division taking place during auxospore- 
formation. 

Persidsky (1929) found in two species of GJicetoceros that before 
auxospore-formation the nucleus divides twice and forms four 
nuclei. The first division, according to him, is meiotic. He pre- 
sumes that two of these four nuclei fuse and the remaining two 
degenerate. 

Cholnoky (1933) found in the young auxospores of Melosira 
arenaria one large nucleus and two small degenerating ones. The 
large one becomes the nucleus of the auxospore. He jiresurnes that 
reduction division takes place before auxospore-formation and that, 
out of the four nuclei formed, two fuse and form the large nucleus 
of the auxospore and the other two degenerate. 

Geitler (1934, p. 423) mentions that he found in the auxospores 
of an undetermined sjiecies of Melosira one functioning nucleus 
and one or two degenerating ones. 

In 1935, Persidsky found that during auxospore-formation in 
Melosira varians four nuclei are formed by two successive divisions, 
of which the first is a reduction division. Two of these four nuclei 
fuse and form the nucleus of the auxospore, while the remaining 
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two degenerate. Tims, tlie fusion of the two nuclei which he pre- 
sumed in the case of CJicetoeeros (Persidsky, 1929) was proved by 
him to be an actual fact in llelosira varians. 

The above-mentioned investigations suggest (1) that auxo- 
sp ore-formation in these members of the Centrales {Ghoetoeeros spp., 
3IeJosira arenaria and If. varians) is the result of a sexual process 
as in the Pennales (through the autogamous fusion of two gametic 
nuclei) and (2) that the vegetative cells are diploid as in the 
Pennales and undergo reduction division during auxospore-fornia- 
tion. But algologists, while inclined to accept in a way the above 
conclusions, still appear to feel that the case for the Centrales is 
not quite fully established. Pritsch (1935, p. 620) commenting on 
the observations of Persidsky (1929) on Ghoetoeeros and of Cholnoky 
(1933) on 3Ielosira arenaria states : “ The possibility of a reduction 
division and of subsequent autogamy cannot be denied, but 
further research will be necessary to substantiate this clearly.” 
Again, later on, after reviewing the evidence for reduction division 
in Centric diatoms, Fritsch (1935, p. 637) states : Whatever may 
ultimately prove to be the correct reading of all these facts, it now 
seems clear that the Centrales are diploid like the Pennales, and 
the view that the former were haploid, which held sw^ay for some 
little time on a rather inadequate basis, may be regarded as of 
historical interest only.” Geitler (1935, p. 160) states: Sexual 
reproduction among the Centrales, with the exception of 3Ielosiraj 
is not fully understood. It is probable, however, that the Centrales 
are also diplonts.” Smith (1938, p. 213) when dealing with the 
Centrales refers to all the investigations mentioned above and 
finally states : The nuclear behaviour in the foregoing cases is 
not established beyond all doubt, but there is a presumption that 
auxospore-formation is sexual in nature since it involves a fusion 
of two haploid nuclei. There is also a possibility that auxospores 
of other Centrales are formed in a similar manner. If this be true, 
vegetative cells of Centrales are diploid instead of haploid.” 

Since 1935, two more records of auxospore-formation in the 
Centrales have been made. F. Gross (1937-38) found in the 
auxospores of Ditylum BrigliUcelli (West) Grun. one large nucleus 
and two smaller ones and interprets his observations in the same 
way as Cholnoky (1933) did his 3felosira arenaria. Keith (1940) 
found during auxospore-formation in 3Ielosira arenaria a large 
nucleus and a degenerating residual nucleus and states that his 
observations correspond with those of Cholnoky (1933) on the same 
diatom. 

Thus so far five members of the Centrales, niz., Ghoetoeeros 
2 spp, (Persidsky, 1929), 3lelosira arenaria (Cholnoky, 1933 and 
Keith, 1940), Alelosim ^y. (Geitler, 1934), 3[elosira varians (Per- 
sidsky, 1935) and Ditylum Brightwelli (Gross, 1937-38), have been 
investigated. Of these, only in 3Ielosi7*a varians, as Geitler (1935, 
p. 160) rightly points out, are the details of sexual reproduction 
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and alternation of nuclear phases known with a certain amount of 
completeness. 

The authors found auxosporedormation taking place in their 
cultures of another member of the Centrales, Cyclotella 3Iene- 
ghinimm Kiitz. collected from the Parthasarath 3 ?’ Temple tank, 
in Triplicane, Madras. They made a detailed study of the life- 
histor}^ of the diatom with special reference to the nuclear changes 
taking place during auxospore-formation. Their obserYatioiis are 
given briefly here below. 

Plenty of cell-division was taking place throughout in the 
cultures and the diatom remained for a long time in a vegetative 
condition. After the individuals, as a result of repeated cell-divi- 
sion, have become very small in size, auxospore-formation is noticed 
in the cultures. The nucleus of the cell which is to give rise to an 
auxospore divides twice and forms four nuclei. The first division 
is heterotypic. During the prophase of this first division the 
nucleus enlarges in size and the fine reticulate structure character- 
istic of the resting nucleus disappears. Soon, long chromosomal 
threads become evident in the nucleus. T&e chromosomes then 
gradually become thicker and are finally seen tying on one side of 
the nuclear cavity (synizesis) (PL X, Pig. 1 ; Text-fig. 1). The 
paired nature of the threads can be made out on very careful 
examination. In the next stage (pachytene) the threads are 
seen distributed more uniformly in the nucleus and are thicker and 
shorter than in the previous stage (PL X, Pig. 2 ; Text-fig. 2). The I 

threads then become still shorter and exhibit their paired nature 
very clearly. The next stage observed in two preparations was 
diakinesis. During this stage the bivalents are seen distributed 
near the periphery of the nucleus (PL X, Pigs. 3 and 4 ; Text-figs. 

3-5). The number of bivalents appears to be about 32-34 (n). The 
nuclear membrane and nucleolus disappear soon after diakinesis. 

In metaphase the bivalents are seen very compactly arranged 
more or less in a ring at the equator of the spindle. After anaphase 
and telophase two daughter nuclei are organised (Text-fig. 6). 

The two. nuclei next undergo the homeotypic division (Text- 
fig. 7) and four nuclei are formed (PL X, Fig. 5 ; Text-fig. 8)% 

About this stage, the two valves are pushed apart by the enlarging 
protoplast which then becomes enveloped in a thin membrane, 
the perizonium (Text-figs. 8 and 12). Two of the four nuclei 
degenerate, while the other two fuse (PL X, Pig. 6; Text-fig. 9)1 
After the fusion of the two nuclei (PL X, Pig. 7 ; Text- 
fig. 10), the protoplast increases very much in size (PL X, Pig. 8 ; 

Text-fig. 11). Tlie protoplast then contracts away from the peri- 
zoiiium on one side first and secretes a valve, the epitlieca, on this 
side (PL X, Pig. 9 ; Text-fig. 13). Later it contracts away from 
the other side also and soon the second valve, the hypotlieca, is 
formed. The new cell (Text-fig. 14) which is nearly three times 
as large as the old mother-cell becomes finally free after the rupture 
of the perizonium. 
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Klitz. — Fig. 1. Synizesis. 
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The results of the present iiiTestigation may be summed up 
briefly as follows. The vegetative phase in 




f.n, 11 




Text-flgs. 11-14, Cyclotella Meneghmiana Klitz. — Pig. 11. Aiixospore 
very much increased in size showing the fusion nucleus and one of the 
two degenerated nuclei still persisting. Note one of the valves has already 
been pushed oif ( X 1400). Fig. 12. Enlarging auxospore drawn from a 
living specimen. Note one end of the auxospore is still inside a valve, the 
other valve having been thrown off already ( X 1060). Fig. 13. Formation 
of the first valve inside the perizonium ( X 1400). Fig. 14. The new cell 
showing both the valves fully formed with a portion of the perizonium 
still attached at one side. Note one of the two degenerating nuclei still 
persisting ( x 1400). (d.u.— degenerating nucleus ; /.n. — fusion nucleus; 
p p eri zoni u m ; v , — valve . ) 


h definitcdy diploid as in the Pennales. During auxospore-forma- 
tion the nucleus undergoes two divisions, of which the first is 
reductional, and forms four nuclei. Of these four nuclei two fuse 
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and form the nucleus of the auxospore, while the remaining two 
degenerate. Auxospore-formation here is clearly the result of a 
definite sexual process brought about through the autogamous 
fusion of two surviving gametic nuclei and conforms to Type III 5, 
of Geitler among the Pennales (Geitler, 1932, p. 213 ; 1935, p. 155)^ 
These observations of the authors on Gfclotella AIenegMniana are 
in full agreement with those of Persidsky made on virians 

(Persidsky, 1935). But Persidsky was not able to observe all the 
stages of the heterotypic division in if. varians. He was able to 
observe only synizesis, late anaphase and telophase. The authors, 
however, were able to observe in Gyclotella MenegMniana almost 
all tlie characteristic stages of the heterotypic division. 

Until now, as Geitler (1935) has rightly pointed out, only in 
one member of the Centrales, viz.^ Ilelosira varians^ are the details 
of auxospore-formation and nuclear alternation known fully. The 
present investigation adds one more member of the Centrales, 
Gyclotella 3Icnc(j}iiniana Kiitz., in which these details are completely 
known. 

The facts brought out by the present and other recent investi- 
gations already mentioned, would appear to suggest that there is 
not much fundamental difference between the Pennales and the 
Centrales. It is very desirable that more members of the Centrales 
are investigated in detail as regards auxospore-formation. 
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EXPLANATION OP PLATE X 
Cyciotella Mmeghmmna Kvitz. 

Pig, 1. Synizesis (x 1650). 

Pig. 2, Pachytene ( x 1650). 

Pig. 3. Diakinesis: median focus showing the bivalents and the nucleolus 
( X 1650). 

Pig. 4. Same as tlie above taken at a still lower focus ( x 1650). 

Pig. 5. Auxospore showing the four-nucleate condition with two normal 
and two degenerating nuclei. (The darkly stained, masses 
represent the degenerating nuclei) ( x 1460). 

Pig. 6. Auxospore showing the fusion of the two nuclei. Note the two 
degenerating nuclei are seen as darkly stained masses ( X 1050). 

Pig. 7. Auxospore showing the fusion nucleus and the two degenerating 
nuclei ( X 1310). ^ ^ 

Pig. 8. Auxospore increased very much in size, showing tlie fusion nucleus 
(X825). 

Pig. 9. Photomicrograph of a living auxospore showing the formation of 
one of the two valves inside the perizonium ( x 825), 
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THE DEVELOPMENT OF THE EMBRYO SAC 
IN HECKERIA U MB ELL AT A, KUNTH 

Tiy P. MlirESHWAKI and H. (.lAXOIiLEK 
Dacca University 

Received for publication on December 23, 1941 
Introduction 

The only previous work on Heclceria umbellaia is by Jobuson (1902) 
who reported an -idoa’a-type of embryo- sae in this plant. Prom a 
study of his figures, one of us (Maheshwari, 1937) concluded tliat the 
development is more likely of the FriUUaria-tY\)e. The iireseni, 
study was undertaken with a view to verify this supposition and 
test its veracity. 

Material and Methods 

The material was collected bj’ the late Dr. Winfield Dudgeon 
from Chicago and fixed in formalin-alcohol. The paraffin blocks, 
prepared in 1916 were available to us through the courtesy of Mrs. 
Dudgeon and Di C. H. Eice, Principal, Ewing Christian College, 
Allahabad. The spadices were cut transversely at 7-10/x on a 
Spencer rotary microtome and stained in iron-hiematoxylin. 

Investigation 

Ovary. — A description of the ovary has already been given by 
Johnson and we have nothing to add to his observations in this 
respect. 

Ovule . — The nueellus arises from the base of the ovary and 
the two integuments close over it in the normal fashion (see figs. 
1, 2, 8 and i,5). The outer integument is mostly 2-layered but 
the cells are narrow and shrunken. 

The inner integument is 3-layered in the beginning but becomes 
thicker in older stages. 

Mmhryo-Sae . — The hypodermal archesporial cell cuts off a 
primary wall cell towards the outside which undergoes periclinal 
divisions (iig. 1) to produce a parietal tissue whicli is about 4 cells 
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deep. The nucleus of the megaspore mother cell (fig. 3) goes througli 
the usual premeiotic changes and divides to form 2 daughter nuclei 
without an accompanying wall formation (hg. 4). Both the nuclei 
divide again (figs. 5,6) to form the 4 megaspore nuclei which 
become interconnected by spindle fibres but do not show any 
intervening walls (fig, 7), At first the 4 nuclei are arranged cross- 
wise and are almost equally distant from each other. The micro- 
pylar nucleus continues to remain in its original position or even 
moves up slightly; the 3 remaining nuclei on the other hand show 
a distinct tendency to migrate downward (fig. 9). Soon a vacuole 
appears between the two groups resulting in a 1+ 3 arrangemeht, 
such as is characteristic of the Fntillaria-tjj^a (Bambacioiii, 1928). 
This stage was encountered so many times in our preparations 
that we are certain about its being a normal phase in the life-cycle. 

The next division was not observed but a stage like tliat in 
fig, 12 leaves no doubt in our mind that while tlie micropylar 
nucleus divides alone in the normal way, the 3 chalazal nuclei or 
their spindles unite before the division is completed. Thus the 
number of nuclei after the division remains as before, except that 
the two micropylar nuclei are small and haploid, while the 2 chala- 
zal ones are distinctly larger and triploid. While we did not get 
any stage in our material to permit an actual chromosome count, 
the difference in size between the micropylar and chalazal nuclei 
was noticed in every section showing this particular stage. 
The next division (fig. 13) in which actual spindles were seen, show's 
a clear difference in the number of chromosomes in the ui)per and 
lower lialves of the embryo-sac. The counts that -we made in a 
preparation showing metaphase chromosome plates (not figured) 
definitely proved that the lower spindles had more than twice the 
number present in the upper.^ 

Fig. 14 shows the telophase of the last division in w'hicli again 
the larger size of the chalazal nuclei is distinctly seen. The mature 
embryo-sac (figs. 15, 16) is of the usual organisation but most of 
those seen in our sections were already on their way to degeneration. 

Fig. 11 is an exceptional case in which the micropylar mega- 
spore nucleus has divided but the 3 chalazal nuclei have remained 
undivided. 


cell. X 760. Figs. 5& 6. The two nuclei dividing, x 760. Fig. 7, 
L. S. nucellus showing the four megaspore nuclei just after reduction 
divisions are over, x 760. Fig. 8. L. S. ovule (diagrammatic) at 
l-nucleate stage. X 260, Fig. 9. Embryo^sac showing tlie 4 megaspore 
nuclei arranged in a single row. x 760. Fig. 10. Megaspore nuclei 
showing a 1 + 3 arrangement. Note the intervening vacuole, x 760. 
Fig. 11. An abnormal condition in which the micropylar hucleus has 
divided but the 3 chalazal ones are as before. X 760. Fig. 12. Secondary 
4-nucleate stage, x 760. Figs- 13 & 14. Last division in the embryo- 
sac. X 760. Fig. 15, L. S. ovule (diagrammatic) at the Smiicleate 
stage. X 260. Fig. 16. Mature embryo-sac. X 760. 



^ Due to the clumping of chromosomes caused by unsatisfactory 
fixation the exact number could not be ascertained, however. 
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Discussion 

Tliere is now no doubt that the development of the embryo- 
sac in HeeJceria is of the Fritillaria- and not the -/ldoa?a-type. John- 
son’s drawings are qnite accurate but he does not seem to have 
given adequate attention to the proper sequence of stages and dis- 
misses the matter in a couple of lines : — “ This single megaspore/ 
after enlarging slightly, gives rise to two, four, and finally eight 
nuclei in the typical manner”. His fig. 21 can now be interpre- 
ted as showing the megaspore nuclei just passing into the l-f- 3 
arrangement vdiile fig. 20, considered by him to be younger, is actu- 
ally tile older stage and shows the telophase leading to the secondary 
4-MUcleate stage. Hauser’s (1916) fig. 31 of Fiper suhpeltatum 
is essentially similar to our fig. 13 and must also be interpreted on 
the same, lines. 

' Summary 

The development of tlie embryo-sac of lleclceria tonheUata 
corresponds to tlie Pn’/Pfirrk-type. Johnson’s interpretation of 
an AdoxaAjpe in this plant is shown fo be incorrect. 
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Introduction 

The principal millet b of Soiitli India comprise six genera and eight 
species, growing mostly under ^ rain«fed ^ conditions. Tiiongh 
these have been studied from time to time by various authors along 
with many others in the general surveys of the Anatomy of the 
Grass-leaves, a detailed record handy enough for a breeder is want- 
ing, and with that object is the present study undertaken. 

Pee-Laby (1898) has reviewed in detail the older literatures 
up to his time. It is interesting to note that the opinion of 
Linmeus influenced the botanical work so much in these times, that 
no further work was undertaken till some German botanists broke 
fresh ground in 1865. The natural inclination was to try to 
classify plants based on anatomy. 

Duval-Jouve (1875) was the first to undertake a comparative 
study of the anatomy of the leaves of the Grasses, 

He deals the histology of the leaves under the following heads : • 

III. Histology. 

1. Epidermis. 

(а) Bands masking the hypodermal fibrous tissue^ 

(б) Bands masking the parenchyma, 

{c) Strips of bulliform cells. 

2. Eibrovascular bundles. 

3. Hypodermal fibrous tissue. 

4. Parenchyma. 

(a) Parenchyma of Chlorophyll, 

(h) Common colourless parenchyma, 

(c) Stellar pareiichyma-. 

Under each head he gives a further classification of the charac- 
ters. The species examined by him are classified under each of 
the sub-groups. 

Alter him came Sclnveiidencr -who studied the stomata (1889) 
and ^ Mestomscheiclen ’ (1890) in the leaves of the Grasses, 






260 xV. KMBMNASWAMI & G. N, BAFGASWAMI AJTAmAM 


Beal (1896) gave a general anatomical consideration of the 
Ifortli American grasses. He classified the oecuiTence of the 
Motorcells -which he calls “ Bulliform cells or Blister cells ”. The 
only cultivated species treated is Zea mays. 

Following Duval- Jouve, Pee-Laby (1898) -worked out in great 
detail the grasses of France, laying more stress on the habitat, etc. 
He treats of the leaf under (1) Epidermis, (2) Mesophyll, (3) Nerves', 
(4) Green-sheath, (5) Mechanical tissue, and (6) Motor-tissue. He 
divides the grasses in 4 groups according to (1) the parallel or un- 
parallel nature of the two surfaces, (2) the number of stomata on 
each surface, (3) the green parenchyma, and (4) Motor-cells. The 
green sheath and the green parenchyma in general have been 
treated in detail. 

Marshall Ward (1901) has studied the anatomy in relation to 
the habitat. He has tried to classify the grasses according to (1) 
chloropliyllous tissue, (2) presence or absence of lacune® around 
vascular bundles, (3) the nature of the upper and lower epidermis, 
(4) motor cells, and (6) hairs. 

Lewton-Brain (1901-1905) while recognising the aid given 
by the anatomical studies to Systematies, stresses the fact that the 
environment plays a greater part in determining the structure, and 
that too much reliance should not be placed on this evidence. He 
further notes four main types in the grass leaves according to the 
character of the surface. He records the difference in the" appear- 
ance of the arrangement of the cells in longitudinal sections from the 
transverse. . 

Warming (1909) and Armstrong (1917) have correlated the 
anatomy of the leaves with the habitat. Stapledon (1912-14) comes 
to the conclusion that the phenomena of drought resistance is not 
associated with any one set of morphological characters but on the 
‘ Growth-form ’ and ‘ Plant habit ’. Sabnis (1921) deals chiefly with 
the fibrovascular tissues, the leaf surfaces and the distribution of 
the stomata. Eangachari (1921) gives a detailed description of 
some typical wild grasses. 


xVydulow (1931) coupling leaf-an atomy with cytological data 
nnds that the grasses could be grouped into two main types 
Typus I mit der karnzformigen Disposition des assimilatorisclien 
Gewebes ai^ the Typus II : das Chlorophyllf-dhrende Parenchym 
den ganzen Baum zwischen den Biindel ausfiillt und nur in einigen 
Fdllen larblosem Parenchym Oder Luftiaumen Platz macht’. The 
lormer is charaetmstic of grasses from tropics or subtropics, 
while the second oi the temperate and sub-temperate, and also of 
some oi_ the more pnmitive grasses Bambusece, Oryzece, etc. The 

tia yy- J'urther they are 

correlated with the chromosome number and the starch grain-form. 

The groups Saochanfereai with simple starch grains. Type I in leaf 

Jnd °the ™“osome with 9 or 10 as the basic number 

and the Poatew with compound starch grains. Type II in leaf 
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anatomy ^ and large cliromosomes with 7 m the brsic mmiber are 
derived. It is fiirtlier noted tliat the type I goes with the vertical 
position of the first seedling leaf and type II with a more 
horizontal position. ♦ 

A very detailed work on the epidermis and epidermal Btriie- 
tures of grasses in general and more in particular of the families 
Avemm^ Hordsm and Agropyrmn^ ete., was published by Pratt (1932), 
He has worked mostly with surface views or whole mounts obtained 
by a special technique. 

Arber (1934) has used the leaf anatomy as one of the data in 
discussing the evolution of the graminese. 

Amongst cultivated cereals Kiesselbaeh (1916) and Weather- 
wax (1923) have studied the anatomy of Zea mays. Kiesselbaeh 
(1916), Miller (1916) and Miller and CoiTman (1918) have compared 
the leaves of Sorgh im with corn in coanection with drought resis- 
tance. Percival (1921) has examined the leaves of the wdieat plant 
and Artschwager (1921) of sugarcane. Tullis (1935) has studied the 
anatomy of the rice leaves in connection with the attack of Eelmin- 
thosporium oryzem. 

MXTERIAI.S AND METHODS 

Mature leaf blades alone have been treated. The specimen 
in each leaf was taken about the middle and fixed in Oarnoy’s fluid. 
Paraffin sections both transverse and longitudinal (sections cut in 
such a ovay as to pass through both the epidermis and the 
vascular bundle and at the same time parallel to the margins 
and not in such a way as to pass through both margins and the 
knife parallel to the epidermis) ivere cut at lOp, and stained in 
Haideiihain’s Hematoxylin as also in Picro-anilin-blue. Fresh 
sections of the leaves were also exaiained for comparison. ^ All 
drawings and measurements were done from the fixed and stained 
materials. The thickness of the leaves were measured at the place 
where the midrib ended and the blade really began. All photo- 
micrographs were done with a Zeiss m'croscope and Beck's photo- 
micrograph quarter plate camera. Unless otherwise mentioned 
all the figures are magnified x 350. 

The following species Were examined: — 

1. Andro'pogon Sorglhmn, Brot. (Sorghum durra) 

2. Fennisetum typhoides^ Stapf and Hubbard 

3. Setaria italica^ Beauv. 

4. Faspalum scrobiculatum^ L. 

5. EAiinoehloa colona, Link. var. frumentacea C. E. C. 

, F*.scher. . 

6. Panicum miliar Lam. 

7. Panicum miliaeeumj L. 

8. Eleusine eoracana, Gaertn. 


M 
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Obsekvations 

The millets show a great uniformity with regard to the shane 
of their leaf blades. They are lanceolate to linear-lanceolate” 
The tips of the leaves are either bluntly or acntelv pointed The 
blade in all of them is thickest on either side of the midrib anr! 
gets thinner towards the margins. 

The epidermis in all the millets consists of a single layer of cells 
oval or rectangular in transverse sections and in longitudinal 
.sections mo.stly rectangular, with the longer axis arranged" parallel 
to the length ot tlie leaf. The walls are thickened at the, outer 
.side. They arc reduced m size over a fibrovascular bundle. Alter- 
nating with the long cells are found small isodiametrical ones 
The hair cells arise from single small cells. The hairs are trichome- 
like, curved or filiform. 

The motor cells are found on the upper .surface. They are 
alwaj's larger than the ordinary cells, and thinner walled The 
cells are narrower on the outer than on their inner side (Fig.” 2)! 

The stomata are constructed on a very general plan typical 
in grasses. They occur on both surfaces, alternating with the 

neighbourhood of the motor 

cells. They are more numerous on the lower surface than on the 
upper. 

• jnesophyll consists of fibrovascular and chlorophyllous 

tiSiSues. The vascular tissue is of the collateral, clo.sed type, inverted 
and with pronounced phloem (Fig. 1). In ail the millets the large 
the small bundles are found inter- mixed. The smaller bundles 
diner irom the large ones in the absence of the protoxvlem and the 
two large mataxylems. All the millets possess a mestome sheath 
m the large bundles. 

rni hnndle sheath with chloroplasts is present in all the millets, 
these cells are larger in the smaller bundles but more numerous 
in the larger ones. The cells in transverse sections appear narrower 

outer, and bulge out on the outer 
side. The .smaller bundles alone are completely enclosed by the 

epidermir”^ ^ larger ones have sclerenchyma beneath both 

The niechanieal tissue is found as I-girders and as a baud at 
the margin oi the leaf {Fig. 4). The fibroSs cell ‘is so highly scleril 

iSsne Ys hi The quantity of mechanical 

t-iBsm, ib 1 educed m the smaller bundles. 

arrangement of the chloro- 
phylloiis tissues. In transver.se sections it is composed of girdles 

tbssne^onnecting the 

wliUe t hose t gu’dle tissue are elongated and compact 

oftiUranShed ^ Th?“^‘n ^'■®, irregularly shaped and 

01 ten branched. The chlorophyllous tissue extends to the two 


I . 
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epidermis but tlieir continuity is broken by the occurrence of tbe 
sclereiicliyma tissue. 

In longitudinal sections tlie icaTcs show a regular row of cells 
running under either epideniiis or sometimes under both (Pig. 3). 
In most cases the upper epidermis consists of one or two layers of 
palisade-like cells sometimes compact but commonly with inter- 
cellular spaces and often branclied. Below this there are two to three 
layers of loose, branched irregularly shaped cells also with iinieh 
intercellular space. On this may be found one or sometimes, two, 
layers of elongated cells somewhat compact. The latter tissue* 
is immediately adjacent ' to the lower eii.Iermis. Whenever a 
vascular biindle without' sclerenehyma occurs, the chloropliyllons 
tissue occupies tlie sides of the bundle. In such cases it is com- 
posed of one or t-wo layers of elongated ratlier compact cells. In 
cases wiiere heavy sclerenehyma occurs the chlorophyUous tissue 
is absent. 


Tlie midrib is roughly semilunar in shape. It consists of a 
number of bundles botli large and small, the number depending on 
the size of the midrib. The chioropLyllous tissue also occurs, dis- 
posed as in the blade. The sclerenehyma tissue of each bundle 
is increased in quantity even in the non-scleriiied ones. Both 
the above tissues are confined to the lower surface. The upper 
sclerenchymatous tissue occurs united into a band along tlie upper 
epidermis. The motor tissue is absent in all the midribs. 

Apart from the above common features, the blades shov' 
certain charaiCters wiiicli differentiate them from one another, of 
which the following are tlie more important:— 


1. Ske of leaf (arranged in order of length of leaf; the area is 
calculated taking the leaf as a triangle). — 


f 

Species 

Length 
in cm. 

! 

Width 

in cm. 

Thickness \ 
in mm. 1 

Area 

1. FAyplioides .. 

1 1 
! Zo ■ ' 

5 *0 

0 *31 

105 

2. A, sorghum ' . . 

60 

7*5 

0*20 

225 

3. B,coracana .. 

54 i 

1 1*5 

0*37 

40 -51 

4. . P,. miliare 

50 ■ 

1 ‘5 

0*24 

37 -5 

5. P. colona var. frument 
acea 

45 

3*0 

(0*17) 

67-5 

6. Ualica . . . . 

45 

3 *5 

0 *20 ^ 

78 -75 

7. P. scrohiculatum 

45 

(1*2) 

0 *30 

37 -0 

8* P. miliaceiim . . 

(33) 

1 *5 

0*22 

24 -75 


(The highest values are imderlined and the lowest are bracketed) 


}.' ,, I' S : 

i , . I : 




y !' I: 

i! i 11: 

V V, 
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2. Shape^ e^c . — 


Species 

1 

Leaf margin 

Position of 
! blade in relat on 
to midrib 

Texture 

1, A. sorghum 

Usually wavy 

Slightly grooved 

Smooth 

2. P. typhoides 

do. 

do. 

do. 

3. E, coramna 

Straight 

Folded 

Slightly rough 

4. P. scrohieulatum 

do. 

Slightly grooved 

do. 

B, P. miliare 

do. 

do. 

Bough 

(K E, colona var. fru' 
meniacea 

do. 

do. 

do. 

7. P. miliaceum 

do. 

Fairly fiat 

Slightly rough 

8. *9. italica . . 

do. 

do. 

Rough 


3. Epidermis , — 

(а) Outer Vail smooth except for hairs: A. sorghum; P. typhoi- 
des-, E. coracam; E. colona var. jrummtmea ; P. miliare and P 
miliaceum. 

(б) With blunt or gland-like projections; S. italica. 

{e} Outer walls project slightly and are free : P. scrobieu- 

latum. 

4. Hurface in transverse sections . — 

. . surfaces show very gentle undulations at great 

intervals : 4. sorghum-, P. typhoides; E. colona var. frumentacea: 
F. scrobiGulatum, ’ 

(6) Upper surface more undulating than lower : E. coracana; 
P, mihaceum-, " ’ 

(c) Surfaces show distinct ridges and furrows: S. Italica-. 
F. m%l%an\ ’ 

5. Motor tissue (Fig. 2).— 

(1) Number. — 

p. « 

B. ^ “«“■«! -P- «!»«! 

(2) Shape. — 


I, 





Below 


Level 
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(b) More distinct tlian^' in (a), cells larger and outer side 
narrower : P. , iyphoides. 

(e) Very distinct ; a central large pyriform cell and tw'o 
smaller similarl^^ shaped cells on, either side of the central : 
P., miUare P, miUaceuim E. eomewi^a. 


Siomaki.- 


Species 


Size in p 


Length Width 


Position in relation to other 
epidermal cells 


F, typhoides . . 

*4 . sorghum , . 

E, cormana . . 

IK miliaceunt 

P. scrohiculatum 

P. colona frument- 
acea 

P. miliare 


Slightly raised Slightly raised 


At level 


20 I Slightly below 


At level 
Below level 


Slightly below Slightly below 


S* italica 


16 '8 Slightly below 


7. Fibrovascular tissue (Fig. 1). — 

(a) Three sizes . of bundles (Primary— largest Secondary — 
smaller than primary; and Tertiary — smallest. Only the first two 
are stereomed) : A,' sorghum; P. typlwides ; S. Ualiea; P, scrobL 
euMumi E, eolona var. frumentaeea, 

{b) Only two hinds of bundles — the primary and the secon- 
dary both with stereomd : E, eoraeana ; P. miUaceum : P, miUare. 

8. CUorophyllous tissue . — ^Varies only with regard to the length 
or: the girdle cells. Bundle sheath cells fall into : 

(<x) With small plastids, arranged along the outer wall: A. 
sorghum; P. typhoides; 8. italica; P. scrobiculaium; E. colona var. 
frumentacea; P. miliar e (Figs. I5 2, & 3). 

(b) With large plastids arranged along the inner wall: 
P. eoramna; P. miliaeetm. (FigB. 3 and 5). 
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9. Size of plastids (given in /x). 




1 


I 


. '^1 
t,; :» " 

I :f 


i !;3 




Species 

j Parenchynia 

Bundle-sheath 

Length 

Width 

Length 

Width 

P. scTobiculakim . . 

6*0 

4*5 

7*5 ' 

5*5 

P, miliar e 

5*2 

4*4 

5*8 

3*8 

S.iialkxi 

3*6 

2*8 

7 *5 

4*2 

P. colona VB^r, frumentacea . . 

3*6 

I 3*0 

4*0 

3*7 

.4 . sorghum 

3*6 

2*8 

I 

4*3 

1 4-0 

P. iypkoides • 

3*2 

2*2 

5 *8 

4 *2 

P, miliacemn 

5*6 

3*6 

22*4 

7*4 

E, eoracana 

3*8 

2*2 

25*6 

7*6 


10. Midrib.— 

{a) Oiilj one primary A-asciilar bundle : E. colona var. fru- 
mentacea ; 8. italica. 

(b) More tban one primary vascular . bundles : 

(1) With no lacuna: A. P. ti/phoides; P. miliarex 

P. mxliaeeum ; E. eoracana. 

(2) With one central lacuna : P. serobkmlatum (Fig. 6). 

DiSCtfSSION 

well known are tropical and sub-tropical in 
distribution and secondly are all dry-farm crop plants. When we 
consider the natural distribution of these millets over South India 
it IS seen that their greatest cultivation is confined to the plateau 
legions. In the plains they are confined to the drier areas and in 
the rich alluvial tracts they yield place to rice and other crops. The 
best display of sorghum, pemiisetum and setaria lies in the drv black- 
eottoii soil areas. The millets thus are from the very nature oftheir 
hibitat su^ected to great variations of rain, moisture and trans- 
piration. Thus they find themselves in xeric . environments of 
uncertain water availability and high transpiration. Some of the 
above marshalled data will be discussed from this point of view. 

Weaver and Clements (1929) give three degrees of xeric leaves 
naraneb the surface.s are almost smooth and 

‘■f developed, sclerenehyma very little, 

only on lai^ge and medium bundles. The second tvpe has smooth 
iTirmw, with large, not nrnch define,! motor celierseiSenXraa 
on large and medium bundles, lower surface slightly grooved. In 
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tlie third a^nd most xerie tho motor ceils are triiiate, extending to 
lower surtace, epidermis ai'med, all xascular biiiidies with scleren- 
chyiiiay both surfaces, grooved. ■ Sabnis (Lc.) finds the same eharac- 
ters in the desert grasses. The millets could be classified into these 
three groups as was seen in sections 4, 5 and 7. But it is also seen 
that S. italiea most xeric as to surface, shows the least xerie motor 
tissue and on the other hand E. eorueana and P. miliaeeum, mediuin 
xerie as to surface, show highly xeric motor tissue and sclerenehyiiia. 

F. miliar 6 shows tlie surface similar to 8. italiea, motor tissue 
similar to P. eoraeana type but tlie selerenchyma is as in A . sorgliu-m 
type. 

Further, \Yt^aver and Clements {L e.) describe Zea mays as 
having mesophytic leaves. They point out that the mesopliytic*. 
leaves are characterised by the maximum development as to size, 
moderately tliick, epidermis thin and transparent, chlorophyll 
abundantly developed and colour of leaf deep green. The millets 
are not strictly comparable among themselves as to size of leaf. 
They dilTer much as to habit, while ^4 . sorghum and P, iyphoides 
are generally tall, erect-growing plants not given to much of tillering, 
the rest of them are short and bushy in iiaturix The former two 
have large leaves and conform to the mesophytic type of leaf. But 
the leaf of ^4. sorghum whieh is nearly 1| times bigger than that 
of P. typhoideSy is thinner and has smaller bundle sheath plastids. 
Taking the smaller leaved millets S. italiea shows the largest leaf 
area but otherwise is least mesophytic while P. eoraeana shows 
a smaller leaf-size but 'has the thickest leaves and has large bundle- 
sheath chloroplasts, and P. mMiaeenm which is similar to 
B, eoraeana in chloroplasts, etc., has the smallest leaf area. 

Though the epidermis in all tlie millets is armed witli hairs, 
silicious cells, etc., 8, italiea^ P, miliare, and P. eolona var. frU’ 
mentacea are outstandingly rough. 

Taking the size of the stomata into consideration, the largest 
leaved species are seen to have larger stomata than the smaller 
leaved ones. The larger stomata is characteristic more o! meso- 
phytic plants than of the xeric ones. Whether the two are Corre- 
ia ' lated, could not be said as the number of stomata per unit area was 
not studied. However, amongst the small leaved types S. italiea 
\ which had the largest leaf size shows the smallest stomata and 

i P,:mUiare with the smallest leaf size shows the largest stomata, as 

■ •' ' , also' E. eoraeana. 

The chloroplasts, however, are not in any way influenced by 
I iMe nize of P> scrobieulaMmi and P. miliar e have the 

: largest plastids in parenchymatous cells. The width of the plastids, 

: however, is proportional to the length, so that the plastids are more 

or less oval in the parenchyma cells of all the millets. The bundle 
sheath plastids secmi to show no relation to the parenchyma plastids. 

'. E, eoraeana and P: mill aeeim have the largest plastids. S, Ualiea 
which has shown other extreme xeric characters, shows larger plas- 
i tids tkmi A, sorghum. 
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Thus it is seen that A. sorghum and P. typhoides show the 
least number of xeric structures, whereas 8. italica ar d E. colona 
var. frumentacea show the greatest number. No one species' 
however, shows all the xeric characters at the same time, but on 
the other hand xeric and non-xeric characters are found in all. It 
is thus possible, as pointed out by Weaver and Clements {l.e.) that 
these characters are to a great extent ancestral. These authors 
remark (p. 3-17) “ various xerophytes have, moreover, often found 
themselves in conditions that changed them into mesophytes. 
Many of them have, in consequence, retained characters of leaf, stemi 
or root that are to be regarded as ancestral rather than as the 
result of adaptation to the plant habitat.” 

A. sorghrtm, P. typhoides, and 8. italiea are cultivated under 
eonditions in which the others would not thrive, yet the former 
especially, A. sorghum and P. typhoides, show the least xeric 
characters. Miller and Coffman (1918) however have come to" the 
eonelusion that in most cases a small leaf surface is the important 
factor in reducing the loss of water. Miller (1916) found that the 
better drought resistance of the sorghums was due to a smaller leaf 
surface combined with a larger and more efficient root system 
as compared to maize. Kiesselbach (1916) found that ana- 
tomically sorghum leaves did not differ much from that of maize 
and that they do not have lower water requirement in the produc- 
tion of dry matter than does corn under favourable conditions. But 
the smaller leaved millets like E. coraeana, P. milaceum, etc., would 
hardly grow under the same conditions as sorghum. Just why 
sorghum is better adapted to dry soils could not be said from leaf 
anatomy. Kiesselbach {l.c., p. 205) points out “ it is well known that 
some plants are e_specially adapted to dry and others to humid 
conditions. For instance, the grain sorghums are well suited to 
dry-rarming. Just what characters fit them for this purpose is not 
known.” It might be, as pointed out by him, that these plants 
possess a high osmotic pressure and are able as a consequence to 
extract water irom a comparatively dry soil. He further records 
that the .sorghums have a capacity to go into a dormant condition 
duiiugnmai'Ourable growth conditions and renew the growth acti- 
vity without having been greatly injured when rains come. Thus it 
may be concurred with Stapledou’s (1912-13, p. 150) remarks “it is 
perhaps dangerous to assign too great an importance to the 
possession oi apparently useful modifications. A fair correlation 
IS, however, seen to epst between a plant’s manner of resistance and 
Its guncth-form. ■ The development of the xeric structures such 
IS motor tissue, woody tissue, etc., help in the diminution of 

worudn/^ f ^ desiccation. 

VVarmm„ (Lc., p. 127) points out “ some of the structural 

matures oi gmwth-xorms of land plants are of such a nature that 

ut lltv f environment, their 

itilitj to tilt phint IS not obvious. Among features of this problem- 

atic nature may be mentioned lignification.” Further ho pLts out 
that hgndied parts serve as water storage organs also and “ It must, 
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however, be' remeial3ere(i tliat lignified parts withstand extreme 
temperatures better than watery thm-walled parts can, and that 
trees endure greater fluctuations in humidity than herbs do.'' 
Weaver and Clements (Lc., p. Miff.) give four types of xeiic plants. 

1. drought escaping, 2. drought evading, 3. drought enduring, 

4. drought resisting. " The adaptation of the leaves to a smaller 
water supply fall into (1) position of the leaf, (2) rolling or folding of 
the leaf, (3) reduction of the leaf surface or loss of leaves, (4) 
{3lianges of epidermal cells, (5) modifications of the stomata, and 
(6) changes in chlorenchyma. Thus in the breeding of drought- 
resistant strains Kiesselbaelrs remarks (Lc,, p. 205) ‘‘The production 
of plants adapted to meet the requirements for a low transpiration 
rate offers a field of great possibilities. Under this may be included 
tlie testing and also selection of established varieties already well 
adapted, and also selection, witliin a variety, of strains possessing 
certain characters, or the creation by breeding of new characters 
correlated with low relative water consumption," seems to be 
very pertinent. 

In concluding, a few remarks may be made on the behaviour 
of the bundle-sheath plastids. As was seen above, J5J. coraeana 
and P. miliaceiim have large club-shaped plastids, while the rest 
have small, oval ones. The difference in the arrangements was also 
noticed. These large plastids are found in other species also, c.^., 
P. Indiea a close relation of E. eomeana^ Cynodon dactylon, etc. 
The peculiar arrangement of the large plastids all bunched to- 
gether by their narrower ends, was noticed by Pee-Laby (La.) also. 
With reference to Cynodon daciylon he remarks, These clubs 
appear resting by their narrower part on the inner wall of the cell, 
they are immersed in the colourless liquid in the midst of which 
are found crystals of oxalate of lime, etc." With regard to their 
structure he observes that each of the clubs is formed of proto- 
plasmic stroma composed of granules of variable size, impregnated 
with chlorophyll. This is in agreement with the present obser- 
vations on the two species. Kiesselbach (Z.a.), however, regards 
the arrangement and also the elongated shape of the plastids as 
abnormal and unnatural brought about by the fixing fluid. He 
notes, however, the distinct difference in size and reaction to the 
fixative, between the plastids of the parenchyma and those of the 
bnndle-sheath cells. Artschwager {lx.) also attributes the cres- 
cent-shaped arrangement to the fixing fluid. Wfith a view to decide 
whether this peculiarity was only an artifact, fresh leaves of both 
■. sorghum and E. eormana were examined at different times of the 
day. At each examination fresh portions of the leaf from the plant 
were taken. It was found that about the early portions of the day, 
in sorghum^ the plastids were grouped along the outer marginwS 
of the cells and towards noon many of them had begun to wander 
into the middle of the cell. Towards evening they had begun again 
to group themselves. The same behaviour was found in E. coraeana 
also but the arrangements were found on the inner wall. Thus it 
was seen that the above behaviour could not be ascribed to fixation. 
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Even then the behaviour proves that the Eleusine type has pores 
or some permeable membrane on its inner wall, while the others 
have it on the outer wall. The regularity of the arrangements 
however, speaks against its being purely an artifact. It seems 
probable that this character is more a specific one than one of mere 
chance, and may if pursued throw some light on the evolutionary 
position of the species in the group. It would be interesting to know 
if any of the members of 31 ay decs and Andropogoneoe also show the 
large plastids and if they did then the relation of the size, position 
and a knowledge of the ecological factors would be of great 
importance in deciding whether the large plastids and the arrange- 
ments on the inner wall is a reaction to particular ecological factors 
Secondly the grasses having evolved and specialised to withstand 
drought and desiccation the highest evolved species could be expected 
to show only smaller plastids and the less evolved the larger ones. 

As already stated Avdulov (Le.) takes leaf anatomy as one 
or the main evidences in classifying the grasses. He finds a 
high coi’relation between the type of leaf anatomy and karyolo^v, 
i.e., all those possessing Type I. anatomy agreed with the karyo- 
type of the SaccMnfereee. Ho remarks, particularly to the Type I 
leaf anatomy, “Diese Abhangigkeit ist in dem Grade bestandig 
dass ich, sobald mir der anatomische Ban des Blattes bekannt war 
mit Sicherheit seine zytologische struktur voraussagen konnte’ 
naralich kleine Chromosomen und die Grundzahl 9 Oder 10, selten 
12. Bis jetzt ist mir noch kein Ausnahme vorgekommen ”. Further 
this type of leaf is characterised by vascular bundles of several 
sizes— “ Die verschiedenen grossen primaren und kleinen Leitbiindel 
alternieren im Querschnitt des Blattes in der Weise nach einem pri- 
maren meist viele kleinere Biindel folgen Whereas in the tWc 
II leaf anatomy the primary bundles alternate with one, two or 
utmost four small buiidles. On these evidences Avdulov-forms 
tli6 main group ^dccliciTif ctccc and further brings in Glilovidcw undor 
this group. The anatomical structures as seen in the cross section 
ox the leaves ox these eight millets belonging to six genera confirm 
the above conclusions. While in five of them three sizes of bundles 
could be made out in three of tliem, vis., P. miliiire, P. miliaccum 
and E, coramna only two kinds of bundles were present In all 
01 thein, however, the primary bundles were followed by' a number 
ot sroiMler bundles, the number becoming less towards the midrib. 
The affinity ox the Chloridem with the 8acchariferew is further 
emphasised by the close similarity of the bundle sheath plastids 
01 P. mthMcum and F. coracana. In fact the cross sections of 
these two leaves are difficult of distinction but for the thickness S 
i 1 C leaf in E. coracana. These evidences supplement those put 
lorth lor transfer ot the Ghloridecc from Poaeecs to SaccJiarifercfr 
'Avdulov I.C., Krishnaswamy, 1939). ^-nmijcica. 

Summary 

The comparative anatomy of the leaves of the eight millets 
A. sorghum-, P. typhotdes, E. coracana; 8. italica; P, scrobieulatum: 
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P. miliare\ P. miliacetmij aii(i UcMnochloa colona frumentacea 
(in both iongitndinal and transverse sections) bave been studied. 


These iniilets sliow adaptations in varions grades to a xeric 
environment. IsTo one species shows complete xerie characters 
but all of them show xeric and non-xeric characters together. 
Many of the xeric characters are considered to be probably 
ancestral. It is also seen that the leaf anatomy does not give 
any definite cine to identify drought-resistant varieties though some 
of the characters such as leai-areaj stomatal distributiouj epidermal 
structures, specialisation of motor cells, iignfication, etc., may 
help in the breeding of resistant varieties. 


The bundle sheath plastids are found to be either small, oval 
and arranged on tlie outer -wall or large, cliih-shaped and arranged 
on the inner wall. This character is not, so far as seen here, corre- 
lated with the size of the leaf. It is considered to be probably a 
specific one, or an adaptation to particular ecological conditions. 
Its significance could not be definitely indicated seeing that smaller 
plastids are better suited to dry environment, and the specialisa- 
tion in th(i Graminece is towards withstanding drought and desic- 
cation. 


The relation, of 
is briefly discussed. 


leaf anatomy towards phylogeny in 
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FURTHER OBSERVATIONS ON 
VAUCHERIACEAE FROM NORTHERN INDIA 

By M. S. Eakrhawa, I.O.S. 

Rm Bareli 

Received foi“ publication on June 6, 1941 

In 1939 tlic lirescnt autlior® desoribcd tlie following six species of 
Vaucheria from tlie plains of the Punjab and the United Provinces. 

V. sessilis, V. gcminata, V. iincitiata, V. hainata, V. polyspcrma 
and V. amphibia SI), nov. 

It is of interest to note that V. pohjsperma mixed with F. vncimta 
is commonly found on the soft muddy banks of Tons river in tehsil 
Meja of Allahabad district in the months of January, February 
and March. F. polysperma was also collected from the banks of 
Cliambal river below Pinahat in tehsil Bah, Agra district in Janu- 
ary 1941 growing in the form of dark blue-green irregular patches 
at the sides of small tributary ‘ Ealas ’ which drain into the main 
stream. 

Vaucheria sessilis was also collected from dark cavelike vaults 
at the sides of Verinag spring in the Kashmir, the source of river 
Jhelum, on 28-8-1941. Bxceilent fruiting material of F. sessilis 
forma orthocarpa was collected from a tank at Dewaldhar in 
Kumaon Himalayas. However the most interesting collection 
made by the present author is that of F. terrestris from the Araar 
Kath Cave in Kashmir, at an altitude of about 12,730 feet above 
sea-level. In this communication it is also desired to record the 
collection of Bichotomosiphon tuberosus from Burma and various 
localities in India. 

Vaucheria DeCAWDOLLE, 1805 

1. Vaucheria sessilis DeCandolle, forma orthocarpa (Eeinsch.) 
Heering= (F. orthocarpa Eeinsch.) Figs. 1-2. 

Filaments 80-105 g diam., oogonia usually in pairs surrounding 
an anfcheridium (Pig. 1) or single (Fig. 2)' ovoid or oblong-ovoid, 
sessile, 66-72 ,u broad and 80-95 p long. Oogonia may be oblique 
as in typical specimens of F. sessilis (Fig. 1) or erect as in 
F. orthocarpa Eeinsch (Pig. 2). Presence of oblique and erect 
oogonia in tlie same material shows that F. orthocarpa Eeinsch. 
is not a valid species, and Heering^ was right in reducing it to 
a variety of F. sessilis. 

Antheridium is straight (Pig. 2), slightly bent (Pig. 1) or cir- 
cinate, and is borne on a long stalk. 
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Figs. l-i.—Vaucheri<t sessiiis D.C.fonna orihoearpa (Reinscli.) Heering.— 
Fig. 1. A pair of oblique oogonia. Fig. 2. An erect oogonium (Both 
x620). Vaueheria terrestris (Vauch.) D.C. — ^Fig. S. Filaments showing 
ripe oospores and disposition of sex organs (xl20). Dichotomosiphon 
iuberoms (A. Braun) Ernst.— Fig. 4. An oogomum with a npe oospqre 
surrounded by a pair of antheridia (Indian material from Allahabad) ( X 120). 


Tfnhitnf (Free floating in n masonary tank nsod for feeding 

a water mili in the estate of E B. Cbiyanji Lai at ^ewaldhar, 
6,500 feet above sea-level, Almora district, Kiimaon Himalaya^, 
Sentember 1939. 


2. Vaueheria terrestris: (Vaucli.) DeCandolle. — (Fig.3). ^Fila- 
ments" 27-48 /X diam., oogonium solitary, sessile or with a short 
stalk on the pedicel of antheridium, 90-105 x 108-136 /i ; 
antheridium curved or circinate, terminal, ^ though it sometimes 
appears to be lateral (Fig. 3) on account oi being pushed aside, 
10-16 fi diam ; oospore black, globose to plano-convex. 

On account of its growing in weak light, filaments were much 
narrower than the type. The material was abundantly fruiting 
and showed plenty of oogonia and ripe oospores. 

HaSifai.— Found growing in the form of yellowish-green^ or 
bluish felt-like patches in Amarnath Cave, Kashmir, 12, 730 feet 
above sea-level on 4th August, 1941. It was growing below the 
wooden-railing at a distance of about 30 feet from the mouth of 
the cave on moist soil over which water was trickling from the 
limestone roof. 
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■Dichotomostphon Ernst. 1902 

1. .Dicliotomosiplioii tuherosus (A, Braun) Ernst (Fig. 4). 

Two varieties of this alga were collected, one from Burma which 
is bigger than the type, the other from various localities in India, 
which is appreciably smaller. These are separately described 
below. 

{A) Burman material , — ^Filaments 108-130 /x diam., 1~12 cms. 
long. Oogonia single, terminal, surrounded by pairs of outcurved ; 
antheridia borne on long stalks. Oogonia 320-360 /x diam., 
antheridia 53-63 broad and 180 /x long. 

Habitat , — Collected by Br. S. 0. Varma from a fresh-water 
stream, attached to stones near Maymyo, Burma on 3rd 
September 1939. 

(B) Indian material . — ^Filaments dark green in colour, 
72-100 /X broad, deeply constricted. Ehizoids dark or light-brown 
in colour. 

Oogonia, single, terminal, surrounded by pairs of antheridia 
borne on long stalks (Fig. 4). Oogonia 240-260 /x diam. containing 
a dark green oospore completely filling the oogonium. 

Antheridia cylindrical, curved ; 50-64 /x broad and 120-200 /x 
long. 

Habitat , — This alga was found growing in big masses cover- 
ing acres of land along the shallow banks of Jumna river near Raja- 
pore, district Allahabad. From the edge of the water line it grows 
to a depth of 2-3 feet. It was also -collected from Tons river in 
Allahabad district in February and March 1940 bearing bumper 
crops of oogonia which appear to the naked eye like poi)py seeds 
in size. In February 1941, it was collected by the author 
in a rapidly flowing tributary of Chambal river, below Pinahat in 
Agra district, in the form of dark bluish-green cushions along with 
a species of Bnteromorpha in sterile condition. 

So far as the j)rosent author is aware this is the first record 
of a fertile material of D, tuherosus from the United Provinces. 
Some sterile material of the alga was collected by Mr. Mehr Chand 
Sethi of Lahore from near Murree, a sample of which was sent 
by him to the author. 
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1. Introduction 

The universal occurrence of the tetranucleate embryo-sac in the 
Onagracere has made this family especially interesting to the student 
of morphology', the fact being regarded so significant that the only 
exception, Trapaj which has an S-nucleate embryo-sac (Ishikawa, 
1918) has been placed in a separate family, the HydrocaryaceiB 
(see Engier, 1936, p. 306). Tlie monosporic tetranucleate embryo- 
sac in the Onagracere was first discovered by Geerts (1908). A 
resume of the later work is given by Ishikawa (1918) and Gates 
(1928). More recently Johansen (1928-34) has published a series 
of papers on the Onagracea^, in which he has made some valuable 
additions to our knowledge of the morphology of this family. In 
1934 Mahesiiwari and Gupta published a brief report of their obser- 
vations on the development of the embryo-sac in Ludwigia parvL 
flora md Jussieua repens. One of the latest contribution to the 
embryolo y of the family has been made recenily by Beth (1938) 
who studied the problem of adventive embryony as caused by 
wounding. The present paper, though complete in itself, is a con- 
tinuation of the study of J. repens initiated by Dr. Mahesiiwari, 

. 2. The Material and Method 

The material was collected by Dr. P. Mahesiiwari and Mr. B. L. 
Gupta from places near about Agra and fixed in formalin- acetic- 
alcohol and Kawaschin's fluid. The sections, cut at 5-8 microns, 
were stained in Heidenhain’s iron-alum hematoxylin and Sairanin^ — 
Fast Green. 

3. Ovary and the Ovule 

The gynecium is completely inferior, pentalocular with a 
vertical row of ovules in each locule, the piacentation being axile. 

On the ovary a little above its base are seen two one on each 
side, leaf-like structures in which there is a vascular bundle corres- 
ponding to the midrib. During its mrther course, the bundle 
brandies so that in a transverse section at a higher level three 
to five bundles may be visible. The trace going to the leaf-like 
Btructure originates in the vascular system of the bvary. Johansen 




il adventitious leaves on the ovary of 
it was leaf-bearing at one time like 
and Burragea. 

- ■' y enlarge and become 

•s. The wall of the ovary has air 

y ' -5 towards the top. 

- are present in a considera- 
much larger than the ordinary cells. 

i continued 

i 270° during 
_ r tlmugh in a very fe v 
also observed (Fig. 1). 


(1931 d) observed such vesti| 

Anogra pallida and infers thi 
the ovaries of Gongylocarpu. 

Some of the epidermal cells of 

elongated to form unicellular hair- ’ 

c inbei^ which become smaller and less numerous 
Bunto of nee :le-like crystals-raphides - are presc 
blc DunibGr or cslls wliicli arc ix-.v..— • ^ 

The ovules arise as small swellings which 
curvature, as they grow, turning through an angle or 2 
their development. Usually they are anatropoiis 

14. nridino* latp Oil tli6 sidc towaids tlic iniiiclo ( s ig» i) 

rd“‘ke”r»l$eri» not .0 ,011 on th.t side. 

being in close contact witli the raphe (rit,* -)• 

"’in the voung ovule neither liypostasc nor epistase is present 
but after fertilization the cells of the nucellus lying in the chalazal 
recion acquire a changed appearance, their contents staining more 
aS more densely and tiie cell walls also becoming somewhat thicker, 
nuir H-^^rshow a well-formed and conspicuous hypostase in 
ttf chalaza 4i?h or without a column extending to the base 
S the mbryo-sac cavity (Fig. 2). In one case the hypQstase was 
found to be fully developed although there was no indication or an 
embrvo-sae having been formed in this ovule, which, however, 

contained two young embryos (F g. 26 a). 

in the cells of the hypostase when it is young but, later, a nmnber oi 
oranules staining like nu leoli appear and it becomes difficiiW to 
distinSiish the nuclei. In still older stages the whole cavity_ of the 
cell is*’filled with a mass of some substance which takes an intense 
and uMform stain. A somewhat similar change is observed m some 
Sls^n the base of the raphe. These cells, ater, extend irom the 
base to the middle of the raphe and isolated cells may be seen between 
them and the hypostase indicating that, probably, in the oldest 
stages, the two may become continuous (- ig; 2). A hypostase 
extending into the raphe as far as the ramculus has I een 
flP^cribed n Epilobium watsoni vav. franmcanum (Johansen, 1928). 
In Jussieiia some cells resembling those of the raphe, ]ust des- 


a revision of the earner tneories regarumg uixe . 

stase and its functions in the ovule of the Onagracese and pa 
iarlv those hvpotheses advanced concerning the function or mm 
of the I'ormOT, studied the different aspects of this problem, 
writes, “Comparison oi the data regarding the presenc 
absence of the hypostase with the known habitat of the pla 
nat re revealed that species growing in the water (Ludwigia i 
tti) in boggy situations {Gircaea pacifim), in damp places oi 
waterfalls (Epilobium obeordatum), in places where there is suf 
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enclosed in fleshy berries otbfr^hS’ spSieT'inSitl 

all drought prevails {e.g., theMoja e 

DfsertSioweJ Sn Joaquin valley in California) invariably possgs 

well-developed hyposte^^^^^ 

;:sr 

of the^’aboTC observations and conclusion, 

remarkable except ^ to well-marked hypostase in spite oi 

Eaculat iUs Wetoly aquatic though it may be found growing 
dry mud also wlien tlie water lias leceded. 


on 


4. Akchesporium and the Mbgasporb Mother. Cell 

The hvpodermal ceUs of the young ovule differ from others 

lut uyp • -rinAinj a.riri fioTTiuarativelv densely 


i„ ZXTnd comp»a«vely 

tod c,topl»,m in ’which f”” SS 
arifl thus “■ive the impression ot a nmlLieaiuur arci espoiiuiu. 
?“inllv only one of these cells develops lurther; in one case 
two were lound growing simultaneously (Fig. 3). Evidently every 
TeS. in the hypodermal region is potentially an archesporial initial 
though usually only one or in a few cases two develop and become 
recognizable as such. 

Two megaspore mother cells in the same nucellus were twice 
observed (]<'io’ 6). The occurrence of more than one mother cell 
£X been"eportedin larawia ovata (Johansen, 1931a) Ishikawa 
(1918) once observed three embryo-sacs m an ovule of J. repem 
two of which, he thinks, were produced by the products ^ 
spore mother cell and the third by those of another. That usually 
only one mother cell or embryo-sac develops to maturity seems 
to be due to the limitations of space and nutrition. 

The archesporial iuitial divides periclinally into the primary 
wall cell and the megaspore mother cell (h’ig. 4), the former dividing 
further and producing a number of wall layers which bury 
mSasporc mother cell into the middle of tbe nucellus. In tbis 


ineffasuore mutual — - 

position it exhibits a remarkable increase m size and prepares for 

the reduction divisions (Pigs. 5 &7). 


5, The Tetrad 


The megaspore mother cell undergoes reduction divisions 
nroducing a linear tetrad of me^aspores (Fig. 8). Thffi arrange- 
ment is normal for the family though deviations are not unknown. 
For instance Zauschnerialatifolia, Atiogra pallida (iJoha,n&en, lQ31c 
and 1931d) and Ludwigia parvifiora (Maheshwari and Gupta, 1934) 
sometimes show X -shaped tetrads while Fuchsia var. Diadem ’ 
(Tackholm, 1915) occasionally has the T-type. In Stenosiphon 
linifolium, Johansen (19315) observed that frequently a wall is not 
organised in the chalazal dyad. A similar condition was once observed 
inJussieva repens in connection with the micropylar dyad which 
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showed a small functionless nucleus lying close to tie larger nucleus 
destined to give rise to the constituents or the embryo-sac (Eig. 9). 
This interpretation is not quite certain, however, as the chalazal 
me 'asporS although appearing to be only two, could not be de- 
finitely counted. This case is more or less comparable to the one, 
reported by Joshi (1939), in IpUgenta mdiea m which the chalazal 
SSsnore forms the embryo-sac. The development is said 
S Sw 'the xYomabtype, occa ionally theMa-type. In one 
case it was found that no wall appeared m the chalazal dyad cell 
Ster the second meiotic division and the nucleus corresponding 
tn the meffaspore next to the functional one was small and likely 
to diST From this JosM oonotadet tlat tie embryo-sao 
in this case would have developed from the cytoplasm oi two but 
the nucleus of one meg ispore and that it would thus be intermediate 
between the Normal- mi the M a-types. Following tto line 
^argument, it may be said that the embryo-sac that would have 
developed in J. repens in the case cited above, would be intermediate 
between the O noth ra- and the Allium-tjp&s. 

Degenerating tetrads were observed in several ovules in some 
of which the degeneration had proceeded so far that there was _ no 
trace of a tetrad having been formed except the presence or a tew 
densely staining bodies which may be taken to represent the de- 
generated megaspores, the nucelliis in these ovules being 
solid and without any indication of embryo-sac lormation at all. 

Usually the microp 5 dar megaspore develops into the embryo- 
sac the other three degeneratin; before the functional megaspore 
has developed to its fullest extent, though the product or degene- 
ration persists for a long dme and was mistaken by older workers 
for antipodals. The chalazal megaspore is seen to become renaark- 
ablv elongated before degeneration. In some cases the chalazal 
fFig. 11) and in one the megaspore next to the micropylar were 
observed to enlarge simultaneously with the micropylar one though 
not exactly to the same degree. In one preparation seven ovules 
(out of 45) possessed cwo embryo-sacs each, lying one above the 
other and in some of these it could easily be ascertained that they 
had been produced by megaspores belonging to the same tetrad. 
As already mentioned, Ishikawa (1918), working on Jussteua 
repens observed three embryo-sacs in the same nucellus, two of which 
he believes to have arisen from megaspores belonging to the same 
tetrad. Beth (1938) reports a similar phenomenon in 0 nofhera 
famarcfeiana in which occa i nally two megaspores of a tetrad, 
by their concurrent development, may give rise to twin sacs ; in 
one case a “ Drilling(,embryosack ” was observed and it is held 
more probable that the three megaspores producing this composite 
structure came from Ihc same tetrad. It is thus clear that every 
one of the four mega spores is potentially functional. 

6. The Esibeto-sac 

The functional m'jgaspore has at first no conspicuous vacuole 
and its nucleus is situated in the middle. As development proceeds. 
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two prominent vacuoles appear, one in the micropylar and the 
other in the clialazal end (Fig, 9). The former soon disappears 
while the latter inoreases in size, the miclexis being pushed towards 
the micropyle (Figs. 10 and 11). Here it undergoes two succes- 
sive divi>sions producing four nuclei which become organised into 
two synergids, one egg and one polar nucleus (Figs. 12 and 13). 
Judging from the relative positions of the two nuclei produced by 
the first division it 'appears that this spindle is either transverse 
to the longitudinal axis of the embryo-sac or oblique. In the latter 
case one nncleiis is slightly lower than the other and it may be 
inferred that the lower one produces the egg cell and the polar 
nucleus and the upper the synergids. But when the spindle is trans- 
verse so that the resulting nuclei lie side by side (Fig. 12), it cannot 
be said with certainty which of them will produce the synergids and 
which the egg cell and the polar nucleus. The biniicleate stage 
of the embryo-sac ox Ludwigin parviflora figured by Maheshwari and 
Gupta (1934) also see ns to have been derived from an oblique 
division spindle. The organisation of the mature embryo-sac, how- 
ever, is normal in both L, parviflora and J. repens though Johansen 
(1932) attributes to the transverse division spindle the erratic 
organisation of many embryo- sacs in Gayopliyium ramosissi num. 

The synergids have a swollen base occupied by a large \ acuole 
while the nucleus is seen in the neck-like micropylar portion. Both 
the indentations and the filiform apparatus are absent (Pig. 13). 
Only one case was observed in which there was some indication 
of the indentations. One or two x'>r^P^yations were encountered 
in which the tips of the synergids were almost stainless (Fig. 14). 

The synergids often exhibit irregularities of structure and 
position. The neck-like micropylar portion may be short and 
broad or pointed or it may be entirely absent. In one case a 
synergid possessed no vacuole and was triangular in shape. 

The egg cell, in a longitudinal section, is pyriform or oblong 
in outline, the micropylar end being slightly narrower than or as 
broad as the basal. The nucleus lies in the basal portion embed- 
ded in a small mass of cytoplasm, the rest of the cell being occu- 
pied by a large vacuole (Fig. 14). Sometimes the outline may 
be irregular (Fig. 19). Usually the nucleus possesses a single pro- 
minent nucleolus but, in rare cases, it may be binucleolate. In 
one case the egg was found to be without the characteristic vacu- 
ole ; its micropylar end was broad, the cell tapering to a point to- 
wards the chalaza. In a few cases the egg was lying obliquely to 
the longitudinal axis of the embryo-sac (Figs. 15 and 19). 

Of all the four nuclei of the embryo-sac, the polar is the most 
conspicuous. The outline of this nucleus, as seen in a section, is 
somewhat circular but irregalarities are common (Fig. 15). It 
is embedded in an irregular mass of cytoplasm which is not bounded 
by a membrane (Fig. 14). The nucleolus is large and very often 
contains one or more crystalline structures (Fig. 16). In Oeno- 
tAem (IsMkawa, 1918) also the polar nucleus is very prominent and 
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its nucleolus always contains one or several vacuoles wMoh are 
re-placed by a crvstalline structure. In Hartmanma tetmptera and 
Taraxia omU (Johansen, 1929 and 1931a), on the other hand, 
the polar nucleus is frequently non-nucleolate. In ClarkM ele- 
flans (Johansen, 1930) the polar nucleus is binucleolate while m 
Lmclmeria lakoUa (Johansen, 1931c) it (the polar nucleus) is 
often missing. In Hartmanma tdraptera (Johansen, 19^9) when 
it is present! it is often amiBboid in shape. In Anogra pa lida. 
(Johansen, 1931 d) the polar nucleus divides repeatedly by budding 
and may produce as many as 140 daughter nuclei. 

7. Abnormal Embryo-sacs 

A number of abnormal embryo-sacs exhibiting irregular organ- 
isation or abnormalities in the number of nuclei were observed 
and are described below : — 

1. Although the embryo-sac was fairly old, none of the four 
nuclei was organised into a cell, all of them lying embedded in 
irregular cytoplasmic masses. 

2 In Pig. 16 one of the syuergids is seen to be devoid of its 
nucleus but near the egg nucleus there is observed another 
nucleus which is smaller and slightly curved. This may be the 
missing synergid nucleus though it does not appear so owing 
to its curvature and small size. It is also possible that the small 
nucleus belongs to the egg and is degenerating while the 
lar'^er may be regarded as the displaced synergid nucleus for it 
resembles ‘the other synergid nucleus very closely. A pollen tube 
was not met with in this ovule. 

3. Fig. 17 shows a 5-nucleate embryo-sac in which the 
nuclei are not organized into cells and lie embedded in a common 
mass of cytoplasm. From their relative positions and sizes, how- 
ever, twm' of them may reasonably be regarded as corresponding 
to the egg and the polar nuclei and two to the synergid nuclei. 
The fifth is seen near one of the latter and it seems likely that it 
was produced by budding from the nucleus near which it is 
seen. This conclusion is supported by die fa t that the other 
synergid nucleus is also seen to be in the process of producing 
a‘ bud which has not yet separated from the mother nucleus. 
Johansen (1931 d) has reported a similar division of one of the 
synergid nuclei in Anogra paMia in which the number of daughter 
nuclei may reach twenty due to repeated budding. 

4. The embryo-sac shown in Figs. 18 a and 18 6 is seen to 
possess three extra nuclei. There w'as no trace of a pollen tube 
having entered the ovule and the extra nuclei cannot, therefore, 
be regarded as belonging to the male gametophyte. These might 
have been produced by the division of some of the four nuclei that 
formed the normal embryo-sac or it may be that what appears to 
be a single embryo-sac has been produced by the fusion of the 
products of two developing megaspores.* 


* In this connection see also Beth (1038). 
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5 Fio*. 19 allows a large, 3-iiiicleate embryo-sac in wMcli 
the synergid mother nucleus has evidentty failed to divide and has 
itself* organised into a single synergid of comparatively larger size. 
Both the egg cell and the polar nucleus are sit ated much lower 
down than usual, the former being attached to the lateral wall oi 
the embryo-sac. A 3-nucleate embryo-sac of similar origin has 
also been reported in HaTiTtictunia tetTapteTd (Johansen, 1929). 

6. As already meationed, twin embryo-sacs were observed 
ill several ovules. The micropylar sac in all these cases was fully 
developed and mature while the chalazal exhibited a retarded 
development. In such rare cases when the latter possessed all the 
four nuclei they showed none of the characteristic organization of a 
mature embryo-sac though, in one case, from their relative positions 
two of them seemed to correspond to the synergids and the other 
two to the egg and the polar nucleus. 

In one ovule the cavities of the two 8acs--both of which were 
at the 4-nucleate stage — ^were found to be continuous. Such a case 
may be mistaken, at the first glance, for a single normal, eight- 
nucleate embryo-sac because the nuclei of the lower sac, due to 
incomplete organisation, can be regarded as the three antipodals 
and the lower polar nucleus of the Normal-tj-pe of embryo-sac 
(Pig. 20). 

8. Feethjzation 

The pollen tube enters the ovule through the micropyle 
(Pig. 21). The male nucleus comes in contact with the female and 
exerts some pressure so that the sides in contact become flattened. 
Dissolution of the two membranes begins at this place and the 
two nucleoli now lie within a common nuclear membrane. Their 
fusion is, however, considerably delayed ; in one case in which 
the endosperm consisted of about 16 nuclei, they were stiU seen 
to be separate and distinct (Pig. 21). The second . male nucleus 
was observed lying near the polar nucleus. A third nucleus 
besides the two male nuclei was seen in one or two embryo-sacs ; 
this may be the tube nucleus. 

9. Bmbryogeny 

The embryogeny is normal (see Soufeges, 1920). The first 
division of the zygote is transverse, producing a basal (towards 
the micropyle) and an apical cell (lig. 2^:). The latter th n 
divide . 1 ngitudinally (P g. 23). followed by a transverse division of 
the former. Pig. 24 shows the 4-celled embryo of which the two 
apical cells produce the cotyledons, plumule and the hypocotyl, 
the next is the hypophysis cell while the basal forms the suspensor. 
Pig. 26 shows an old embryo with cotyledons well developed. 

In one preparation two embryos were seen lymg side by side in 
the same nucellus (Figs. 26 a and 26 b), This nucellus was also pecu- 
liar in showing no cavity representing the embryo-sac. Extending 
from the tip of one of the embryos to that of the nucellus was a 
longitudinal passage in which could be seen the remains of the 
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crystals and also have their radial and inner walls specially 
thickened while those of the outer layer do not show any special 
modification. The micropyle becomes closed by a plii,^-like 
structure. 

10. Emospeem 

3}]ie oldest endosperm observed consisted of about 900 free 
imelei embedded in a parietal layer of cytoplasm. It could 
not, however, be ascertained whether it becomes cellular later 
on or 'cmains in the free nuclear condition till the end.t 
The nuclei are mostly unb, bi- or tri-nucleolate ; some may pos- 
sess even six iiucleoii while in one the number was ten. l^uclei 
with more than three nucleoli are mostly found in the chalazal 
region where also the cytoplasm is comparatively denser. In 
one preparation the nucleoli in every nucleus were seen connected 
with one another by fine threads, producing, in some cases, the 
appearance of a network with large granules at the angles of the 
meshes. 

There is some evidence favouring the conclusion that at least 
some of the endosperm nuclei divide amitotically. A budding or 
dumb-bell-shaped nucleolus is occasionally seen but in one case 
a nucleus also, containing four large and two minute nucleoli, was 
seen to be bilobed. Occasional amitotic divisions of endosperm 
nuclei have been reported in Zauschneria latifoUa (Johansen, 1931 c). 
It cannot be said whether in Jussieua repeats all the nuclei divide 
amitotically though a mitosis was never observed. 



11. Discussion 

The occurrence of the 4-nucleate embryo-sac outside the family 
Onagraeea?, as far as our present knowledge goes, is not common. 
Ishikawa (1918) gave a list of such cases some of which have been 
definitely proved to be wrong. Most of the remaining cases also, 
included in the list given below, are now regarded as doubtful 
(see Maliesliwari, 1937 and 1941) and a reinvestigation of all of them 
is neceSvSary. 

Baianophoraceu" : 

Helosw gmyanensis (Chodat 
and Bernard, 1900) 

IJrticacese : 

Elastostetmua ammiinaMmi 
(Strasburger, 1910) 


See Eagerlind (1938) 


A four-nucleate embryo-sac was 
observed in a few cases only 


t At a stage when the enibryd is as old as that shown in Pig. 25, the 
nucellus is reduced to 2 or 3 layers of cells. The cells of the innermost layer 
are no ably diiferent from those of the other layers. Also a degenerating 
tissue wii.ch, sometimes, can be seen clearly to be cellular, is present be- 
tween the cotyledons. If this tissue and the layer of ceils just referred to 
arc the remains of the endosperm, it would obviously mean that the latter 
becomes cellular in its older stages. The lack of a sufficiently close series 
of stages in the endosperm development, does not, however, warrant a 
4lrffimt<‘ conclusion. 
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Bodostemoiiaceae; : . 

These were reported to possess 
the Podostemon-fj])e of emlbryo' 
sac, Podostemon ceratopJiyllum 
{Hammond, 1937) has been 
found to have an embryo-sac 
which has been classified iMider 
the JLZ^^^^/3^-type by Maheshwari 
(1941) who now thinks that it is 
doubtful if the Podostemon-tjpe 
exists at all 

Euphorbiaceie : 

GlocUdion (Arnoldi, 1912) See Lundberg (1931) on Godimm 
Cerdmanthus (Arnoldi, 1912) 1 variegaium, and Maheshwari and 
Gocliamm (Arnoldi, 1912) J Ohowdhry (1937) on Phyllan- 

thus Oemmanthus) 

Commelinaceie : 

CoMMclhuiHticc PTifiglGi '] See Maheshwari and Singh (1934) 
(Parks, 1935) " (• ^'J^d criticism by Maheshwari 

0, miomala (Parks, 1935) J (1937) 

Liliace« : . i 

GUntonia borealis See alternative interpretation by 

(Smith, 1910) Maheshwari (1937) 

Orchidacea> : ’ ^ 

Gastrodia elata (Kusano, 1915) ] See Maheshwari (1937) and also 
Cypripedium speetahiU (Pace, Carlson (1941) on Gypripedium 
1907) i parviflorum 

0. parmflorum (Pace, 1907) f 

C\ pubescens (Pace, 1907) j 

O/candidim (Pace, 1907) J 

Gyrosiachys cernua (Bsbce, 1 A four-nucleate embryo-sac was 
1914 ) [ seen in some cases only. 

6, graeilis (Pace, 1914) j 

TMetia she/pherdi 1912) j 

A genuine 4-nucleat6 embryo-sac outside the Onagrace^ is 
present only in Plwmbagella mierantlia (Boyes, 1939) but this differs 
from the ordinary 4-nucleate embryo- sac in being tetrasporic and 
acquiring the 4-nucleate condition secondarily. Of the four nuclei 
resulting from the two successive divisions of the megaspore mother 
cell nucleus, one moves to the micropylar end and divides into two 
while the other three move to the chalazal end and fuse together 
to form a single triploid nucleus which divides into two. 


Podostemon suhulatus 
. (Magnus, 1913) 

.EydfoUum ( --- ZeyUndvmn) 
oUvaceum (Magnus, 1913) 
Farmeria ' met ''^gerioides [ 

(Magnus, 1913) 

Weddelina sguamulosa 

(OManisti, 1933) ■ _ 


■12;' Summaey' ■' 

• 1. The ovary is inferior and pentalooular the placentation 

being axile. It bears two reduced, leaf -like structures, one on each 
side, a . little above its base; . , " - ; . 

2. The ovules are usu dty anatropous and during their dev- 
elopment turn through an angle of about 270'^. A well -developed 
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and conspicuous liypostase appears with the development of the 
embryo. 

3. Though the usual number oi megaspore mother cells^ in 
an ovule is one, sometimes two are also found. Some preparations 
give an indication of a multicellular archesporium. although even- 
tually only one or two cells enlarge further. There is a linear tetrad 
oi megaspores of which the micropylar functions as a rule although 
occasionally other megaspores especially the chalazal may also 
enlarge and simulate the functional one. 

4. The embryo-sac is monosporic and 4-nucleate. Syner- 
gid indentations and filiform apparatus are absent. The polar 
nucleus is very prominent. In a few ovules there was no sign of 
the embryo -sac which probably degenerated at a very young stage. 

5. The pollen tube enters the ovule through the micropyle. 
The male and the female nuclei are similar. The fusion oi their 
iiucleo i is considerably delayed. 

0. Two embryos were once found in the same nucellus 
although an embryo-sac was not recognisable. 

7. The oldest endosperm observed consisted of at least 9^0 
i'ree nuclei but it could not be ascertained if it remains free^ nuclear 
till the end. Some of the endosperm nuclei divide anitotically. 

8. Some abnormal embryo-sacs including three-, five and 
seveii-nucleat 3 ones have been described. Twin embryo-sacs 
formed by two megaspores were also found in several ovules. 

9. Besides the OnagracesB, a 4-nucleate embryo-sac occurs 
only in Fhmhagella. All other cases are doubtful and need re- 
investigation. 
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GASTEROMYCETES OF N. W. HIMALAYAS II 

By Sultan Ahmad, M.Sc. 

Government College^ RohtaJc 
Beceived for publication on October 27, 1941 
Galvatia Fr. 

The genus Galvatia was proposed by Fries but it was emended and 
made known to science by Morgan (1890). It differes from Lyco- 
perdon m the dehiscence of its peridium: in Lyeoper don the peridium 
opens by a definite mouth while in Galvatia it breaks up into pieces 
and falls away exposing the gleba. The genus includes all of the 
larger species formerly included among the Lyeoperdons. 

The species described here undoubtedly belong to the genus 
Galvatia on account of their very large size but difier, however, in the 
peridium not irregularly scaling away at maturity but opening by 
.a definite mouth. As the distinguishing character between the two 
genera is not always constant, so in most cases one has to rely on 
individual judgement in referring a species to one or the other genus. 
This explains why GalvaMa species have so often been referred to 
the genus Lycoperdon. 

15. Galvatia saccata (Fr.) Lloyd, Myc. Writ. I: 166, 1904. 

Syn. Lycoperdon saceatum Fries, Syst. Myc. Ill : 35. 

Arnigadh, Mussoorie, 5600 ft., in groups on the ground (W. Gollan) 
Baramula, Kashmir (A. Is. Fotidar). FTov. 1940. 

Eeported by Hennings (1901) as Lycoperdon saceatum and 
according to him the spores are globose, 3~4-5jLt, yellow olive, punc- 
tate; the capillitium threads yellow brown, 3 -5-4 -S/x thick. 

The Kashmir specimen is preserved in the Herb. Ind. Orient. 
Kew Delhi.. It has a very well developed sterile base, the peridium 
opening by a definite mouth; capillitium brown, of unseptate freely 
branched threads with pitted walls ; spores globose, verrucose, 3*5- 
4 '65 ft in diameter. 

16. Lycoperdon pirifcnmie (Schsefi.) Pers., Syn. Meth. 

Fungi 148, 1801. 

Plante obovoid or pyriform, 1 *3 cm. broad and l-5-4cm. 
high, the base tapering, stem-like, attached by abundant mycelial 
threads. Exoperidium breaking into distinct irregular furfura- 
ceous black scales and more or less persistent black warts; endo- 
peridium membranous, pale brown or dark brown, opening 
by an irregular torn aperture; sub-gleba white, compact, non- 
cellular occupying the stem-like base. In Kashmir specimens the 

■S',:' " 




, 1 1 'ij 




'1 ; 'i 

i ' I '-l 


284 SULTAN AHMAD 

sub-gleba consists of distinct cells and is not so well developed as in 
^Naggar plants. 

Gleba olivaceous brown; capillitiiim braiicliccl, very rarely 
septate j rounded at tlie septa, olivaceous, tapering at the ends; 
spores globose, 3--4‘45/x in diameter with a large central vacuole; 
epispore pale olive-brown, smooth. 

Xaggar, Kulu, 5,500 ft., on the ground. Leg, S. Ahmad, 

Sonamarg, Kashmir, 9000 ft., Leg, E.E. Stwart. 

The specimens from Kaggar agree in every respect witli Kambly 
and Lee’s species (1936) but differ, however, from Cunningham’s 
plant (1937) in which the sterile base is occupied by large pallid or 
yellowish cells more than 2 mm. in size and the spores are verrucose. 
The Kashmir plant resembles the latter in the sterile base. 

Examination of the material of this species in the Herb. Crypt. 
Ind. Orient. New Delhi, shows, that the species is peculiar in show- 
ing two distinct forms with regard to the variation in the sub-gleba. 
In the American specimens from Ohio (No. 02901), the sub-gleba 
consists of distinct concolorous cells, while in specimens from 
S. India (No. 65), it is white and not at all cellular but of a 
homogeneous tissue. 

17. Lycoperdon mibrimm Pers,, 8yn, Fung, 147, 1801. 

Plants up to 3*2 cm. in diameter and 4*5 cm. in height, sub- 
globose, obovate or turbinate with a rooting base. Exoperidium 
iurfuraceous in the form of small fugacious granules; endoperdium 
umber-brown, papyraceous, opening by an apical' irregularly torn 
aperture ; sub-gleba paler, of small ceils occupying the lower third 
or less ; diaphragm absent. 

Globa purplish brown; capillitium threads Ausique Brown 
(Eidgway), freely branched, unseptate, smooth, 2* 8-4 *2^ in dia- 
meter; spores globose, 4 *46-5 *58 /x in diameter; epispore Ausique 
Brown (Eidgway), verrucose mixed with fallen pedicels. 

Khanag, Kulu, 8,000 ft., solitary on the ground, Leg, S. 

Ahmad. 

This species is very close to Ly coper don atropurpureum from 
which it is distinguished only by its exoperidium. The species is 
described by Coker and Couch (1928) as having capilitium threads 
more or less uneven, with numerous or scattered distinct pits in 
the wall but in the writer’s plant the threads have perfectly even 
surface. 

A few specimens of this species were sent to Dr. G. H. Cunning- 
ham for identification and he remarks Lycoperdon sp. undescribed, 
I think. It has reticulated spores, a feature I have not seen in any 
Lycoperdon or Bovista The reticulated appearance of the spores 
is due to the spines which on soaking in water appear as dark stria- 
tions in the thick hyaline material forming the wall ief, Coker and 
Couch, p. 77). 
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'"'Ly coper don Berheleyi de Toni in Sacc. SylL Fung. YII: 124, 

1888, Syn. X. delicatum Berk, (non Berk, and curt.) Hook. Jour. i; 

Bot. VI : 172, 1854. ' r- 

This species collected from Simla is preserved in the Herbarium 
01 the Forest Eesearch Institute, Dehra Dun. According to 
Lloyd (1905a) it is only a depressed globose form of X. Vmhnnum 
Fers. 

"^'Lyeoperdon elongaUim Berk, in Hook. Jour. Bot. VI: 171, 

1854. 

Arnigadh, Mussoorie, 5,500 ft. on the ground (W. Gollan). 

According to Lloyd (1905) this is only a subcylindric form of Lyco- 
perdon atropurpureum with a small head. Hennings (1901) des- 
cribed, the gieba umber-brown, spores globose, purple-brown, ;; 

verrucose, 5~6 /x in diameter, capillitium threads branched 1-1-5 p 
thick, reddish-brown, s ’ 

18. Lycoperdon perlatum Pers., Syn. Fung. 145, 1801. Syn. 

X. gemmatum Fr. Syst. Myc. Ill : 36, 1829. / 

Plants turbinate, up to 3 -2 cm. in diameter and 3-8 cm. in ; i 

height. Exoperidium of thick pyramidal stout spines, each sur- ( 

rounded by a ring of smaller spines which on falling give a reti- h 

culated appearance to peridium, the spines towards the base are i 

smaller and more scattered, dark-brown in colour; endoperidium i 

bay-brown or at times yellowish, membranous, opening by an in- 
definite torn apical aperture. Sub -gieba of large cells occupying the | 

stem-like base. j;, j 

Gieba brownish; capillitium threads olivaceous, branched i 

unseptate, 3*75 /x in diameter; spores globose, 3*75-4*5 p in diame- 
ter, verrucose. 

Mussoorie ; Dalhousie.— on the ground among moss. Leg. 

S. Ahmad. ' ■ 

Kaghan Valley (Specimens in Herb, of the Forest Eesearch 
Institute, Dehra Dun). f 

The species is easily recognised by the arrangement of spines i - 

and by the reticulated surface of the peridium in the old specimens. t' 

19. Lycoperdon trachyspora (Lloyd). S. xlihmad comb. nov. I 

Syn, Bovistella tracliyspora Lloyd Mjc. Writ. II: 2S7^ 190&. ;; 

Plants globose or sub-globose up to 1 • 8 cm. in diameter, attached 
to the ground by a well developed mycelial base. Exoperidium I 

furfuraceous or of very small granules, whitish or nearly black in I 

colour, falling off at maturity to leave the endoperidium perfectly |f 

smooth ; endoperidium thin papery, yellowish or dark-brown, open- | 

ing by a large apical torn aperture; sub-gleba absent. | 

Gieba olivaceous changing to dark-brown; capillitium of long, k | 

branched and' very rarely septate threads, up to 4*5jx in diameter ■■ || 

branches narrow tapering, yellowish or pale-brown; spores globose, |l| 
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l-D-5-25^ iu diameter, verrucose; pedicellate, pedicel slender, 
nearly hyaline, tapering, up to 10-5^ in length. 

Dalhonsie; Chamba; Mussoorie, growing among moss. 

Leg. S. Ahmad. 

The species has been transferred from Bovistella to Lycoperdon 
because of its capillitium with long, branched and intertwined 
threads, typical of the genus. It is closely related to L. ecJimella 
(Lloyd) S. Ahmad in general appearance, but it differs irom it in 
having markedly rough spores. 

The spores and capillitium have been compared with the type 
ivceivcd from J. A. Stevenson, Washington, D.O. and are the same. 


20. Lycoperdon MundMri S. Ahmad Sp. Nov. 

Plants 2-1 cm. in diameter and 2 cm. in height, oboyoid with 
small stem-like base attached by abundant mycelial threads. Lxo- 
peridium of more or less jiersistent minute spines arranged in 
fasciculate groups, giving the endoperidiiim a pitted appearance. 
The spines more prominent and numerous .near the mouth, but smeillei 
and scattered towards the base, appearing granular to the naked 
eve, brownish in colour. Endoperidium membranous, pale-coloured 
opening by an apical torn aperture. Sub-gleba scanty, or small 
cells occupying the very small stem-like base. 

Gleba brownish; columella prominent: capillitium threads of long, 
branched, uuseptate, 4 -5 p. diameter, very rarely pitted; spores 
oval 3-3 3x4. 5-6 p; cpispore yellowish, smooth ; pedicellate, pedi- 
cel straight or curved, nearly hyaline, 10- 5-18 p. in length. 

khauag, Kulu, 8,000 ft., on the ground. Leg. S. Ahmad. 

5 )ype,_ln the Writer’s Herbarium. 

The species is characterised by the exoperidium, presence of 
columella, oval and pedicellate spores and a scanty sterile base. 
It is very closely related to L. pedieellatum from which it is dis- 
tinguished by the exoperidium and oval elliptical spores with smallei 
pedicels. 

Lycoperdon MutidJcuri S. Ahmad Sp. Nov. 

Plantae 2 •! cm. diametro 2 cm. altitudine, obovatse, fundaments 
parvo, stirpi simili,multis mycelialibus fills, afficts; exoperito minutis 
spinis fere persistentibus, fasciculatis catervis compositis, facto 
ita ut peridium foveatum sit; sporse ad os prominentiores et mumero- 
siores mut, sed ad fundamentum mut minores et diffusse; ocula 
tantum cum visaj sunt, granosse et fuscae. Bndoperidii_ mumbrana 
pallidissima, ad os exapice scissum aperta. Sub-gleba exigna, parvis 
cellis facta, in fundamento stirpi simili collorata. 

Gleba fusca; columella prominens; fila capillaria longa, ramis 
inseptatis, 4-5 p. latis, rarissimis foveis; sporaj elliptic® 3 -0-3 -2 
x4'5-6 p, epispora Mvus et levis; podicillatum, pedieellum directum 
vel flectum, pane hyalinum, 10-5-18-0. p. longum. 

Hal . — In terra ad Khanag, Kulu, 8,000 pedes alt; Leg. S. Ahmad. 
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21, Lyeoperdon Memale Bull. Champ. P. 143 Syn. L. 
pratense Pers. i. depressum Bonord* 

Chamba, solitary on the ground. Leg, S. Ahmad. 

The specimens agree well with the plant already described 
from the Panjab plains by the writer (J. Ind, Bot Soc,, Vol. XVIII, 
1940). The sterile base is separated from the gleba by a distinct dia- 
phragm; capillitinm hyaline se|)tate, sparsely branched. 

22. Lyeoperdon WrigJitii Berk, and GurL (rrevillea II: 50, 1873. 

Plants globose or depressed globose, up to 2 cm. in diameter 
and 1-3 cm. in height, sessile or with a short stem firmly attached 
to the soil by numerous mycelial threads. Exoperidiiim of small 
spines arranged in fasciculate groups, each group falling off singly. 
Endoperidiiim Tawny-Oliye (Eidgway), membranous, opening by 
an indefinite apical mouth slightly iurmraceous. Sub-gleba of 
small cells occupying the lower third of the plant separated from 
the gleba by a well developed diaphragm. • 

Gleba light dark-olive (Eidgway), capillitinm hyaline, branched, 
rarely septate, septa very numerous, 3*6-6*45 /x in diameter: spores 
globose 3*6-4*5|a in diameter, epispore pale-yellow, finely 
verrucose. 

Mussoorie, 7,000 ft., in grassy places. Leg, S. Ahmad. 

According to Coker and Couch (1928) this species is in reality a 
synonym of L, Giirtisii Berk, as shown by the co-type in the Curtis 
Herbarium (Wright, No. 7; Curtis, No. 5633). 

23. Lyeoperdon marginaturn Vitt, Monogr, Lye. 1842. Syn. 

L, GruemUm Bmik. in Sturm, Deuts. El. Ill: 19, 1844. 

Botanic Garden, Saharanpur{W. Gollan). 

Dehra Dun (Herb, of the For. Ees. Institute, Dehra Dun). 

The species has almost the external characters of L. Wrightii 
Berk, and Curt, and when immature, it is difficult to tell them apart. 
The plants of this species are usually more than 2 cm. in diameter 
and the cortex flakes off in very large pieces, whereas in 
L, Wnghtii the plants are smaller (less than 2 cm.) and the cortex- 
spines usually fall singly. 

The record of this species based on the determination of 
Hennings (1901) is doubtful. As Hennings himself remarks die- 
exemplare sind sammtlich unreif, daher nicht sicher bestimmbar/' 
Nothing can be said about Dehra Dun plant preserved in the Herb. 
For. Ees. Inst, as it has not been examined by the writer. 
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24. LijcopBTdwv pusillum HttiscTi HlcncJi. II. 288. 

Dehra Dun, on the ground (Preserved in the Herb. Cryp. 

Ind. Orient., Hew Delhi Ho. 464). 

4. very common and a very variable species already described 
frointhe plains. Coker and Couch (1928) remark^ it is a puzzling 
species due to variation in spores but state the capillitiunn is 
uitted and this character is uniform lor all collections . The 
writer, however, finds that the capillitium also varies; m the ^njab 
Dlant it is always sraootli with even walls, whereas, in the Hima- 
layan collection' (Ho. 464) it has a beautifully pitted surface. 

There are three other species of dou described bj' 

Berkeley from India, viz., mierospermum, xanthospermum and 
emodoise which are doubtfully distinct from L. pusillum. 

According to Berkeley (1861) L. mierospermum has “ all the 
characters of' L. pusillum but the diameter of the spores is not 
above half as large.” Lloyd on the other hand studied the type 
specimens at Kew and failed to find any difference in the spore- 
size of the two, and for him L. mierospermum is the same as 
i l usilhm. The spore-measurements from specimens of L. pusillum 
and L. mierospermum in the Herb. Crypt. Ind. Orient., Hew Delhi, 
also confirm Lloyd’s observation. 

L. pusillum Baiseh. Ho. 644 from Dehra Dun.— —Spores 

globose, apiculate, smooth, 3 -6-4 -8 p in diam., mean being 4 p. 

L. tnierospermum Berk. Ho. 297 from Gauhati, Assam.— Spores 
globose rarely apiculate, sligthly eehinulate, 3-6-4-5/x in diameter, 
mean being 3 ■ 9 /x. 

There is another collection from Shillong, Assam (Ho. 298) 
labelled L. mierospermum Berk. It differs from the one from Gau- 
hati, Assam (Ho. 297) in the spore-characters. The spores pe 
flobose, pedicellate, smooth, 3 • 7-5 • 6 /x in diameter, nman being 
4-6'i. This suggests 1. xanthospermum Berk, instead of L. miero- 
spcfmum. TheT dift'e-rence between the two according to the original 
clescriplion is only the pedicellate spores of the former. L. xantho- 
si'trmum is closely related to L. pusillum and L. emodense and 
according to Berkeley (1854) it differs from these only in the nature 
of the outer peridium and the pedicellate spores. 

With regard to L. emodense Berkeley remarks “ very distinct 
from L. mierospermum of which it has somewhat the appearance in 
its larger spores.” The material of this species is not available but 
the description suggests that there is hardly any difference 
between it and L. pusillum and L. mierospermum, so out of the four 
species only two, viz., L. pusillum and L. xanthospermum should be 
retained, at lea.st for the present while the other two, viz., L. emodense 
and L. mierospermum, Ahonld be reduced to synonymy of 
L. pusillum. 


GASTEWMIGISTBS OF N. W. HI3IALAJA8 II 


289 


w 


V 


¥ 


25. Ly coper don polymorplium Vitt. Monogr. Lycop. 183. 


Plants up to 3 - 5 cm. in diameter and up to 5 -5 cm. in height, 
sub-glohose or turbinate, contracted into a stalk-like base. Exo- 
peridium of evanescent layer which tends to break into minute 
scales; endoperidium thin papery, opening by an apical orifice; sub- 
gleba of minute cells concolorous with the gleba and occupying the 
stem-like base. 


Gleba dull-olivaceous to brown; capillitium brownish, branched 
unseptate S-O-l-Su in diameter, branches witli pointed ends 
spores glob se, 3 -3-4 *45 ft in diameter, episp ore pale-yellow, smooth 
or faintly verrueose. 

Mussoorie; Sonamarg, Kaslimir. — Solitary or in groups on 
the ground rich in immiis. Leg. S. Ahmad. 


26. Lyeoperdon nigrum Lloyd. Ilye. AVrU. I: L. 2 : 2, May, 1904. 

Plants up to 3 *3 cm. in diameter and 4 *5 cm. in height, turbi- 
nate with a very well developed stem-like sterile base. Exoperidium 
of numerous black spines Avhich impart a black colour to the entire 
plant ; endoperidium membranous, opening by an apical orifice ; 
sub-gieba not cellular, but of a homogeneous tissue occupying the 
stemdike base. 

Gleba olivaceous ; capillitium of long branched, unseptate 
coloured threads with pointed ends; spores globose, 3-6~4*5/x in 
diameter, epispore pale-yellow, verrueose. 

Mussoorie. — Solitary on the ground rich in humus. Leg. 

S. Ahmad. 

According to Lloyd ^^L. nigrum can perhaps be best described as 
a black form of L. polymorpMm with the same spores, capillitium and 
compact sterile base; it differs only in the notably black peridium 
Butler and Bisby (1931) state under this species We are unable 
to interpret the name applied by Lloyd. Perhaps he meant 
L. nicrescens Pers.” This is not in accordance with facts as 
L. nigreseens is a black form of L. perlaium Pers. 

Family: Sclerodebmatace^ 

27. Bderoderma hovista Fries, Syst. 3Iyc. II: 48, 1829. Syn. 

8. texense Berk. ; 8. eolumnare Berk, and Broome. 

Plants depressed-globose up to 3 cm. in diameter and l-Scm. 
in height, plicate below with a short sessile rooting base firmly 
attached to the soil by numerous separate threads. Peridium thin, 
firm, areoiate near the apex but somewhat furfuraceous at the base, 
dehiscing by irregular rupture of the apical portion, yellow or dark- 
'brown.' ■ 

Gleba Saccardo^s Olive (Eidgway), spores globose, 10*5-14.6 /x 
in diameter and including the reticulum which is upto 2*5 epis- 
pore dark-brown, strongly reticulate. 




290 SULTAN AE3IAD 

Faggar, Kulu, 5,500 ft.; Dalhousie, on the ground. Leg. 

S. Ahmad. 

Sclefodernia columnare Berk, and Br. recorded by Butler and 
Bisby (1931) as a distinct species is for Lloyd (1918, p. 759) a 
stipitate form of 8. cepa but for Cunningham (1931) it as a form of 
k. bovista. There are no specimens _ available, otherwise it is not 
difficult to decide, as yS. bovista differs from 8. cepa in having 


dium coriaceous with indistinct areoiarions visinie unuer a lens. 
Gleba yellowish, with numerous yellow thread ; spores globose, 
8 -2-9 -95 /a in diameter; epispore yellow, strongly reticulate with 
the reticulum up to 2 -5 p. high. 

Delira Dun, on the ground. Leg. B. J. Butler. 

A small species distinguished from others by its size, yellowish 
gleba and beautifully rcticualted spores up to 10 p in diameter. It 
is known from the original collection and is abundantly represented 
in the Herb. Cryp. Orient., New Delhi. 

29. Scleroderma verrucosum (Vaill.) Fers. Syn. Meth. 154, 
1801. Syn. 8. nitidum Lloyd. 

Plants globose or sub-globose up to 3 -5 cm. in diameter and 
2 -5 cm. in height with a very well developed mycelial base, very often 
produced into a long stalk. Sometimes several plants grow from a 
common base. Peridium thin, fragile, Light-Buff to Cinnamon-Buff 
(Eidgway), areolate, dehiscing by a small torn irregular mouth. 
Gleba Sepia (Eidgway); spores globose, 9-11 -5 p in diameter; epi- 
spore pale ferruginous, verrucose, spines pointed up to l-45p in 
length. 

Dalhousie; Mussoorie; Dehra Dun, gregarius on the ground. 

Leg. S. Ahmad. 

Scleroderma eaespitosum Lloyd recorded by Butler and Bisby 
(1931) as a new form of 8. verrucosum (teste Lloyd) is according 
to Cunningham (1931, p. 283) a stipitate form of 8. fiavidum. The 
specimens (No. 305) in the Herb. Crpt. Ind. Orient., New Delhi, 
determined by Lloyd as 8. ccespitosum have definitely reticulate 
spores and probably belong to 8. comlumtiare—a, form of bovista. 

According to Lloyd (1918, p. 759) 8. nitidum described by 
Berkeley from India is only a stipitate form of 8. verrucosum. 
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30* Scleroderma auranthm Fers. Syn. Fung. 153, 1801. 
Arnigadli, Mussoorie, on tlic ground (W. Gollan). 

A coilection from Mussoorie by William Gollan was referred to 
Scleroderma vulgar e Hornem. by P. Hennings (1901). The same 
lias been listed by Butler and Bisby (1031) under 8. aurantium Pers. 
Tbe record of S. aurantium based on this determination and on 
the determination of Lloyd^ (ISTo. 680 in the Herb. Crypt. Ind. 
Orient., I^ew Delhi) appears to be very doubtful. These specimens 
(No. 680) have verrucose spores different from the markedly reticu- 
late spores of S. aurantium. Some authors like Lloyd (1905 c) and 
Massee (1889) have described verrucose spores for this species, 
but it is evidently a mistake. 

It is now believed that S. vulgar e (Hornem) Fr. consists of 
two species, 8. auranthm S. eepa. 8. auranthm Pers. is recog- 
nised by its verrucose and usually distinctly warted surface, thick 
peridium which turns pink when freshly cut, w^hite tramal plates 
and strongly reticulate spores. 8, cepa is distinguished from 
8. auraniimn in having strongly spinulose spores, not at all reticu- 
late, and the tramal plates heavily encrusted with yellow crystals. 

. .Family : Sphabbobolacbae 

31. Sphaerobohis stellatus Tode, Fung. MecM. I: 143? 1790. 

V Ohamba, on dung cakes. Leg. S. Ahmad. 

The species has already been described from the Pan jab plains 
I (1940 liwL 8oe. Journal) and the present collection closely 

agrees with it. 

Family : ^^TibulabizVce.® 

I 32. (hjathm Montagnei Till. Monogr. Nidul. in Ann. 

. if. Scieme Nat. 79, 1844. 

^ « Behra Dun, on old baskets. 

The species has not so far been recorded from India and 
according to Lloyd (1906) It is only known from Brazil It is 
marked in colour and habitat, growing scattered on rough bark to 
which it is attached by a pad of mycelium. It is distinguished 
from G. etriatus''Aw having ferruginous peridium and more elliptic 
; spores. 


* This species (C. striaius) has not so far been reported from India and 
Lloyd (1906) remarks “It occurs only as far as I know in Europe’^ and 
IJoyd (1907) also says that Ceylon specimen of Fetch is only a form of 
Cyathus siriatiis. Dr, S. R. Bose points out in correspondence that it is 
very common in Calcutta. 
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33. Cyathm Poeppigii Tul. Monogr. Aidul. in Ann. 

Science Nat, 1844. 

Botanic Garden, Saliaranpur, in groups on the ground and 
on charred wood. Leg. W. Gollan. 

This species differs from G. limbatus Tul. collected from 
Boyal Bot. Garden, Calcutta, in having larger spores. 

34. Gyalkiis stercoreus (Schw.) de Toni, Syll. Fung. 40, 1888. 

Chamha, on dung-cakes. Leg. S. Ahmad. 

\ very common species inhabiting manure In^ps and dung- 
cakes. It has already been reported from the Panjab plains. 
Tt is distino-uished from other species with smooth cups by the 
outer pSXSSill having coloured fibrils. Lloyd (1906) points 
out that as in all other large-spored species the peridioles in this are 
also frequently sterile. 

33. Grucibulum vulgare Tul. Ann. Sci. Nat. Ill: 90, 1844. 

Plants sub-globose or short cylindrical, sessile up to 1 cm. 
in height and 0-95 cm. in diameter, the outer surface covered witli 
a brownish tonientum; the inner surface gray, smooth, shining. 
Peridiole white, up to 2 cm. in diameter, circular, flattened, attached 
to the cup by a cord-like simple _ funiculus. Spores smooth, hyaline, 
ellipsoid, varying greatly in size, 4-8-7-.3X 6'8-10-6 /x. 

Dalhousie-Ohamba Eoad, on dead branches. Leg. S. Ahmad. 

Kambly and Lee (1936) propose a new combination, Gruei- 
buluni L(cvis (De.) for it. 

Family : Phallacej3 

36. Ithyphalhis impudims (Pers.) Fischer, Versucli einer systemt. 
Ubcvsiclit ubcT die hishev hcT^/anniew Plialloideen 43j 1886. 

It is represented by a beautiful specimen in the Herb. Ind. 
Orient, collected by E. J. Butler from Achibal, Kashmir, growing 
on the ground. 

This species belongs to the section “ Eeticulati ” of the genus 
Itliyphallus. It diff'eres from other species included in this section 
in having a white pileus and a white receptacle. 

Family ; SBCOiiACEiE 


37. Oyrophragmium delUei Mont. M. Alg. I: 369. 

Sonamarg, Kashmir, 9,000 ft., on the ground. Leg. E. E. 
Stewart. 

The specimens collected by Dr, Stewart are preserved in the 
New, York Botanic Garden. As remarked by Murrill (1924). “It 
(G. dcUlei) is very peculiar in appearance, suggesting a double- 
decked mushroom, the lower part expanding like the flower and 
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bearing at its centre a small cup supported on a stalk of its own.’^ 
Tlie plant usually grows in sandy places and its occurence in Kashmir 
away from its original home, the ‘‘ sand dunes ” on the Mediterranean 
coasts, is really very remarkable. 
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A CONTRIBUTION TO THE LIFE HISTORY 
OF BLUMEA LACINIATA L. 

By I. BxiNEEji: 

Depariment of Botany ^ Calcutta University 

Beceived for publication on September 23, 1941 

The family Composita^. contains about one-tentli of tbe total num- 
ber of flowering plants of the world. According to ChatterjB it 
is tlie second family containing the largest number of species in 
India. The plants grow under Taried edaphic and climatic con- 
ditions. 

Since the beginning of this century a considerable amount 
of work has been done on the morphology and embryology of plants 
belonging to this family, an. account of which has been given by 
Schnarf^^, and recently by Bhargava^. Since then a number of 
important contributions have appeared of which mention may 
be made of Popham’s^^' work on OaUnsoga ciliata^ Cooper’s^ investi- 
gations on FrecMites hieracifoUa, Dianowa and his associates’® 
work on Parthenimn argentatum and P. ineanum and the work on 
Scormnera tau-saghys by Poddubnaja Arnold! and her co-workers.^’ 

In India, Bhargava® was the first to work on the morphology 
of Composita?, He studied Edipta ereeia. This was followed by 
contributions by the present writer on Cartham^is tinetorioiis^ and 
Tridax procumhenf'^. Datta’ in 1939 recorded briefly his obser- 
vations on the development of the female gametophyte in Launea 
asplenifoUa^ Blumea laeiniata and Milcania cor difolia. This was 
followed by a brief account of the mega-gametophyte deve- 
lopment in two species of Laimea by Yenkateswarlu'^®. Eecently 
Eaghavan and Venkatasiibban^® have studied the cytology of 
Tridax proeumhens. 

Material aisb Metho.ps 

The material for this investigation was obtained from plants 
growing as weeds in the 13'niversity college compound. Plower- 
heads in various stages of development were trimmed and cut into 
pieces before fixation. As a rule, fixation was always done in the 
field between 12 noon and 4 p.M., and an exhaust pump was 
always used to ensure proper penetration of the fixing fluid. 
Allen’s modified Bouin’s fluid and Isravaschin’s fluid were used for 
fixation. Dehydration, clearing and embedding were done in the 
customary way. The materials were cut 8 to 16 microns thick 
depending on the stage required for study. Heidenliain’s iron- 
alum luematoxylin was used for staining. Some preparations were 
counterstained with orange G. 
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IlS-VESTIGATTON 


(1) Orgmogeny—In the initial stages of the development 
of the florets the 'thalamus is convex in outline and is closely sur- 
rounded bv the overlapping bracts. The flower primordia 
appear on this as small papillate protuberances. Very soon the 
sides grow uj) and become differentiated as petals (Text-fig. 1). 
The sepal primordia appear next followed immediately by those 
of the stamens (Text-figs. 2, 3 and 4). The sepal primordia grow 
rapidly and become transformed into the pappus. Adopting 
Small’s-® classification, we can describe the pappus as setose plu- 
mate. It is composed of three to four layers of cells which are 





i 
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Text-figs. 1~7, Blumea ladniata, — ^Figs. 1-5. Stages in the develop- 
ment of the disc florets. Fig. 6. The upper part of pappus showing the 
arrangement of cells. Fig. 7. Section through a flower-head showing the 
earlier development of the central florets. Figs. 1-4 (x85); Fig. 5 
(X30); Fig. 0 (X113); Fig. 7 (X28). 

iirrauged in a characteristic manner as shown in Text-fig. 6. 
The last floral wliorl to appear is the gynsecinm composed of two 
carpcds which originate close to the centre of the thalamus and on 
the inner side of the stamens (Text-fig. 5). They grow upwards 
and fuse above to form the solid style and bifurcate at the top to 
give rise to the bifid stigma. . The central region of the floral axis 
from the sides of which the carpels develop forms the ovarian 
chamber. A nectary is present in the form of a ring at the base 
of the style. 

The ray florets are pistillate, while the disc florets are herma- 
phrodite. As a rule the development of the florets is centriingal, 
but in some preparatiom the central florets have been observed to 
develop first (Text fig. 7), 

The development of the floral organs in Blumea laciniat% thus 
appears to differ from that observed by Martinis in j_sterj Bhargava^ 
in Belipta and by the present writer^ in Garthamus. 

(2) The development of the pollen grains.— Tka anther in the 
early stages of its (levelopment is four lobed in cross section and is 



Text-figs* 8-13. Blumea Iminiaia. — -Fig. <S. Nucleus in early pro- 
phase. Fig. 9. Synizesis. Fig. 10. Diakinesis. Fig. 11. Beginning of 
cytokinesis. Fig. 12. Binucleate pollen gi*ain. Fig. 13. Pollen grain 
with the vegetative and generative nuclei (X1C50). 

6a 


composed of cells which are all alike. The origin of the arclies- 
porial cells could not be made out distinctly. The microspore 
mother cells when first noted appear to be separated from the epi- 
dermis by four layers of cells of which the innermost layer forms 
the tapetum. At prophase the nucleus shows a fine reticnlum 
composed of delicate threads (Text-fig. 8). These soon contract 
at one side of the nuclear cavity enclosing the nncleolus in its 
meshes (Text-fig. 9).- The contracted knot next opens out and 
passes through the usual stages of meiotic division before the 
bivalent chromosomes are organised. At diakinesis, a side by 
side association of the nnivalents is most commonly seen 
(Text-fig. 10). At this stage the pollen mother cells round 
off and lie free inside the anther cavity. The first division is 
normal. On the completion of this division the protoplast passes 
through an interkinetic stage. The second division very soon 


LIFE-MIBTOBI' OF BLUMEA LACmiATA i. 


297 




298 


I. BANEEJI 



follows. The spindles are arranged either paralh^l or at right 
angles to each other, resulting in the formation of isohilateral or 
tetrahedral tetrads. Cytokinesis takes place by furrows which 
start from the periphery, gradually cut inwards and finally meet 
at the centre (Text-fig. 11). The four young microspores 
when first formed lie enclosed by mucilaginous pellicles which 
disorganise later. The young microspores when first formed are 
uninucleate and somewhat oval in shape. They soon increase 
in size, round up and develop the outer and the inner coats. 
The exine shows the presence of a large number of spines 
and the intine also becomes thick, as observed by Bhargava^ in 
BeUpki emM. The nucleus of the microspore divides to give rise to 
a generative and vegetative nucleus of which the former is smaller 
than the latter (Text-fig. 12). The generative nucleus soon 
divides and produces two nuclei which are somewhat elongated 
(Text-fig. 13). A similar nuclear condition of the mature 
pollen grains has been noted by many investigators working in 
other Composite. ^ 

The mature pollen grains are echinate and the spines have 
broad bases. Four germ-pores are present which appear to be 
situated each in the centre of a furrow. Spines are absent at tbe 
intracolpar region. 

(3) The tapetal cells , — The tapetum is a single layer of well- 
defined cells which are at first nninucleate (Text-fig. 14). Their 
nuclei divide mitotically when the pollen mother cells are in syni- 
zesis and biniicleate ceils are thus formed ''(Text-figs. 15 and 16). 
Further division of some of these nuclei results in multimicleale 
cells (Text-figs. 18 and 19). This miiltinncleate condition is, 
however, not long maintained, as the nuclei come to lie very close 
to one another, fuse and then divide again. Large metaphasic 
spindles Avith the chromosomes aligned at the equatorial region and 
occupying the entire length of the cell Avere seen in many prepara- 
tions (Text-fig. 21). On completion of divison the tapetal cells 
])ecome binucleate again but the nuclei are very large and elongated 
(Text-figs. 17 and 23). In otlier instances, the nuclei of some of 
the tapetal cells instead of fusing, divide separately, so that a num- 
ber of chromosome plates are formed (Text-fig. 20). The close 
association of the groups of chromosomes indicates the probability 
of the organisation of only two daughter nuclei after the division 
is complete. When the microspores have been formed, the tapetal 
nuclei arc discharged into the microsporangium and form a plas- 
modium. Later the plasmodial substance is absorbed and the 
nuclei degenerate. 



Gates and Bees^ working on Lactuca have observed a four- 
nucleate condition of the tapetal cells of this plant. Cooper^ men- 
tions that in Taraxacum, officinale the mature tapetal cells are 8- 
to IG-nucleate. Becently Baghavan and Venkatasubban^^ have 
studied the behaviour of the tapetal cells in Tridax procumbens. 
It is interesting to note that their observations agree Avith my 
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T'ovt-fio-R 14-23. Blumea Zacm«rfa.— Figures illustrate the nuclear 
jond^ion of the tapetal cells. Explanation in text ( x 1107). 

own. on Blumeo. ladnicda, except in onc^ e.ssential detail, l^ey 
state tliat more frec|iieEtly tlie division of the tapetal nuclei doe^ 
not result in the organisation of a definite daugliter nucleus as such 
but there is a multiplication of chromosomes without any ana- 
phasic separation. ” Such a condition has, however, uot boon 
observed in the present material. Anaphasic separation oi 
chromosomes has been observed in many preparations (Jlext- 
fig, 22), and the daugliter nuclei appear to be well organised in 
every case (Text-fig. ^23). , ' 

.{4:) ■ liegaspofogenesis and developM^ni of the female game^ 
arises as a tiny protuberance from the 
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base of the ovary when the microspore mother cells are first 
clearly recognised in the anther. A single hypodermal arches- 
porial cell is noted even heiore the curvature of the ovule is com- 
plete and this functions directly as the megaspore mother cell 
(Text-fig. 24). It passes through the usual stages of reduction 
division^ The second division is illustrated in Text-fig. 255 after 
which a linear tetrad of megaspores is produced as usual. Datta’ has 
stated that the megaspores become deeply buried inside the nu- 
cellar tissue as a result of the division of the cover cells. As pointed 
out by Yenkateswarlu“3, this is npt correct, for the megaspores 
always occur in a linear order below the epidermal layer of the 
nucellus. Incidentally, it might be mentioned ^ that a similar 
condition prevails in Launea asplenifoUa and Milcania coTdifoUa, 
Langlet^ 2 ^ however, records a case in Ambrosia maritima in which 
several tapetal cells are cut off from the archesporial cell before 
it undergoes reduction division. The chalazal cell of the tetrad 
elongates in the direction of the micropyle and becomes functional. 
The remaining three megaspores degenerate (Text-fig. 26). The de- 
generated products remain as dark masses on the top of the functional 
megaspore. Disintegration of the nucellar epidermis is first noted at 
this stage. As the gametophy te reaches the two-nucleate stage it in- 
creases in size, as a result of which the surrounding nucellar cells are 
pushed apart and crushed. It now lies in direct contact with the 
integument, whose innermost cells elongate in a radial direction and 
form the so-called integumental jacket At the four-nucleate 
stage the nuclei' become separated by cytoplasmic membranes 
(Text-fig. 27), so that in the eight-nucleate gametophyte the 
sister-nuclei relationship could be traced. In the'* mature gameto- 
phyte the synergids are pear-shaped structures with long 
beak-like processes which protrude into the micropylar cavity. 
They have conspicuous vacuoles at their bases, the nuclei 
being situated above. The egg projects below the synergids and 
has a large micropylar vacuole, the nucleus being embedded in the 
dense cytoplasm at the base. It extends as far as the synergids 
and is, as a rule, centrally situated. The polar nuclei fuse early 
and the secondary nucleus lies close to the egg. The three anti- 
podals are cut oil as separate cells and lie mostly one above the 
other, but in a few preparations a different arrangement has been 
noted as is shown in Text-fig. 28. The mature gametophyte with aU 
its parts fully organised is illustrated in the same figure. 

(5) The antipodal cells , — The nuclei of the antipodal cells 
soon divide, but tlie division may or may not be followed by wall 
formation, the latter condition being more frequent. The ' maxi- 
mum number of antipodal cells seen in the present material was 
five, four being very common (Text-figs. 29, 39, etc.). Text-fig. 29 
represents a group of antipodal cells which show a peculiar arrange- 
ment. The unusual orientation of the cells of this complex appears 
to be due to the division by oblique walls of the upper cell, after 
it had attained the himxcleate condition. 
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Text-figs. 24-28. Blumea'laciniata. —'Pig. 24. Megaspore mother cell 
in the hypodermal layer of the nucellus. Pig. 25. Homotypic division. 
Pig. 26. Functional and degenerating megaspores. Pig. 27. Quadri- 
nucleate embryo-sac. Pig. 28. Mature female gametophytc. 1- ig. 24 ( X 7o0); 
Pig. 25 ( X340) ; Pig. 26 ( X22001 ; Fig- 27 ( x940) ; Pig. 28 ( X1555). 

In most of the antipodal cells two or more nuclei have been 
noted (Text-figs. 29-41). Where a single nucleus is present it is 
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generally bigger ia size and shows tlie cliaracteristic early pro- 
phasic changes of mitosis. Umnncleate antipodal cells may thus 
be considered to be of rare occurrence in this plant. In those cells 
where more than four nuclei are present there is a tendency for 
the nuclei to fuse (Text-figs. 37 and 41). This might be due to 
the small space in which a number of nuclei are crowded together. 
The maximum number of nuclei occurring in a single antipodal 
cell has been found to be ten (Text-fig. 41). It will be seen that 
the nuclei have partially fused and they appear as a conglomerate 
mass. The antipodal cells normally degenerate during the dev- 
elopment of the endosperm and appear as dark shapeless masses 
which are later absorbed. Antipodal hanstoria as recorded by 
Howe^® and others have not been observed. 

An increase in the number of antipodal cells seems to be of 
common occurrence in the family Composita3. Small-® states 
that in Seneeio vulgaris the basal or chalazal antipodal cell elongates 
and produces as many as four antipodal cells each having one or 
more nuclei. Eeference to Text -figs. 29 and 30 will show that 
increase in the mimber of antipodal cells in Blumea laciniata is 
not due solely to the activity of the lowermost cell, the upper cell 
may also take part in the process. 

Development of an antipodal tissue consisting of a variable 
number of cells has already been reported in the tribe Inuloideui to 
which belongs, xiccording to Antennaria and 

Gnaphalium show a variable number of antipodal cells. Inula 
helenium has six and TeleMa speciosa has three antipodal cells 
each. Stebhins-^ found that the three antipodal^ nuclei of An- 
temiaria plantaginifolia and A. negleeta divide repeatedly forming 
cell membranes between them, so that at matxirity there is an 
antipodal tissue of 15 to 20 cells. 

A multinucleate condition of the antipodal cells has also been 
reported by many other workers. Bhargava® working on Edlipia 
erecta observed that in certain instances the lower antipodal cell 
has four, the middle two and the upper five nuclei. Tackholm^^ 
reports the presence of as many as forty nuclei in a single anti- 
podal cell of CosmidiuM hurridgeamm. Buptlialmum scSieifoUum 
of the tribe InuloidesB also shows the presence of multinucleate 
cells. 

(6) IPerUUsatio7L — The einhryo-sae increases in size before 
fertilisation. The pollen tube enters the embryo-sac by way of 
the micropyle and passes through one of the synergids which de- 
generates. Porogamy appears to be the rule in ‘this family. Stages 
showing the actual entry of the pollen tube with the male nuclei 
into the emhryo-sac were not seen, hut later stages in which the 
male nuclei had been discharged into the emhryo-sac cavity were 
seen in many preparations. Text-fig. 42 shows a stage of fertili- 
sation where the disorganised remnants of the pollen tube could 
be seen at the micropyle with the tip lying close to the egg. In the 
same figure the male nucleus is seen to lie adpressed to the nucleus 
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Tcxt-flgs. 29— il. Blumca teciniaia.— Types of antipodals. Explana- 

fcion in text (xil67). 

oi the egg and appears to be somewhat elougated. The second 
male gamete is also seen to lie against the nuclear membrane of 
the secondary nucleus. It thus appears that syngamy and triple 
fusion proceed more or less simultaneously. Two small dark bodies 
are also found to lie against the cytoplasm of the egg. Land“ 



found two similar structures inside tlie poileu tube in two species 
of Erigeron and in SilpJimm laciniatum and believes them to have 
come from a division of the tube nucleus. The presence of these 
structures near the egg in some preparations leads one to infer that 
they are the remnants of the degenerated tube nucleus. 


Text-fig. 42. Blumea laciniata , — ^Fertilisation (x900). 

The form of the male nuclens as seen in Blumea laeiniata is 
somewhat elongated. Israwaschin^^ observed a coiled appearance of 
the male nuclei in Hellanthu:^ annniis and Land^^ also reports tlic 
same in SilpMum laciwiatim, Howe^*^ states that in Grindelia sqiiar- 
rom “ there seems to be no marked difference in size and shape 
between the egg nucleus and the male nucleus at the time of ferti- 
lisation Merrell^^ suggests that the male nuclei when first 
formed are spherical, but in the later stages they may be very 
much elongated and resolve into a spiral. dlius it appears that 
the form of the genera ive nucleus in the family Composite is 
variable at different stages. 
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(7) The development of the endosperm mid embryo, — As is 
common in the angiosperms, the primary endosperm nucleus divides 
before the fertilised egg. The first few divisions are transverse and 
the cells become separated hj distinct walls (Text-fig. 43), so that 
the endosperm is cellular from the beginning. Each cell contains 


Text-figs. 43-51. Blumea lacmiata. — Pig. 43. Cellular endosperm. 
Pigs. 44-51. Stages in the development of the embryo. Fig. 43 (x30): 
Pigs. 44-49 ( X470) ; Pig. 50 ( x225) ; Pig. 51 ( X60). 

a single nucleus which in the earlier stages of development shows 
the presence of two or more nucleoli. Ihie later divisions of the 
cells take place in various planes and at an early stage of deve- 
lopment the embryo becomes completely surrounded by the 
endovsperm cells, ii "cellular endosperm appears to be characteristic 
of the tribe Iniiloidetn, and it has been recorded in Antennwria^ 
Gnaplialmm and Melichrysum (see Schnarf, 1931). 

The first division of the fertilised egg is transverse, resulting 
in the production of an upper basal cell and a lower terminal cell 
(Text-fig, 45). The basal cell soon divides by a periclinal wall and 
a three-celled ino-embryo is produced (Text-fig. 47). Division 
of the terminal cel! soon follows and the lowermost cell soon under- 
goes longitudinal septation (Text-fig. 48). Stages immediately 
iollowing'this have not been observed. The next stage observed 
is represented in Text-fig. 49 where a globular embryo is seen 
with a three-celled suspensor. At a little later' stage the coty- 
liHionary lobes become differentiated and tissue differentiation in 
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tlie embryo appears to be complete (Text-fig. 50). Tbe mature 
embryo fills up the seed completely, no endosperm being left. 
Between the two cotyledons the plumule is situated as a tiny 
protuberance and the plerome strands of the cotyledons emerge 
and meet the plerome of the root in the hypocotyledonary region. 
The cells ox the plerome are radially elongated (Text-fig. 51). 
The suspensor is not found at this stage, probably it has been 
cruslied by the rapidly developing sporophyte. The cells com- 
posing the embryo are full of reserve matter. 

StlMMAUY 

The paper gives an account of the development of the florets, 
pollen-grains, tapetal cells, female-gametophyte, endosperm and 
embryo of Blumea laeiniata, A short account of the process of 
fertilisation is also included. 

1. The development of the floral organs takes place in the 
following sequence: — petals, sepals, stamens and carpels. In 
some flower-heads the central florets appear to develop earlier 
than the peripheral ones. 

2. The pollen grains are formed by simultaneous division. 
The mature pollen grains are tri-nucleate. The exine shows the 
presence of spinous processes and furrows. 

3. The tapetal cells of the anther first become binueleate 
and then multinucleate. The nuclei fuse and then divide, so that 
binueleate cells are produced again. The tapetal cells ultimately 
form a plasmodium. 

4. The development of the female gametophyte is of the normal 
type. Three antipodal cells are seen in the mature embryo-sac. Some 
of these cells divide and four or five antipodal cells result, which 
generally become multinucleate, showing up to 10 nuclei. 

5. Fertilisation is porogamous. The fusion of the male 
nuclei with the egg and polar nuclei appears to be simultaneous. 

6. The endosperm is of the cellular type. Embryo dev- 
elopment shows no unusual features. 


1. Banerji, I. (1940) 


3. Bhargava, H.B. (1930 
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A NEW PLANT FROM SOUTH BURMA 

By Dr. K. BjswxS: M.A., D.Sc. (Edin.), i’.R.S.E. 
Superintendent, Royal Botanic Garden, Calcutta 
Received for publication on January 10, 1942 
WHILE exploring the primeTal rain forest 

nnohartered area of Tenassernn (Mergui District, South -Bhima) 
‘ilono- the border of Thailand, an interesting plant 'was dis- 
covered ainong the taller shrubby vegetation which lorms a 
belt over the herbaceous comraiinity among the Bamboo and caim 
association This zone is overtopped by the lotty Dipteiocarpus 
DmeSa-Sterculia association. The zigzag loops and arclnng 
veins of the leathery leaves coated ^'^h an epiphytic bi on 
meutous alga (D attracted my notice. In 1930 I tailed to oDtam 
flowers but in a subsequent search in 1931 ample flowering materials 
wpi'p available. The plant cannot be matched nith any species 
hrtown to science but it bears a similarity to_ Gomothalanms 
Meeboldii of Oraib, whose generic identification was hitherto do^tiul. 
fCe b toVabW. it* cbm-ct 

flmilicate flowerinj^ materials are now a\ ailabk. Botk G. 

MleboldU md this new plant, which I f 

iiQPrlwipnns Biswas, are recorded irom Lowei Bxiimav ine xeiia 
Cserimn BpecSmn however is entirely different from the Andaman 
mecimens^ of G. Meeboldii gathered by Parkinson and E-mg s 
collector S'evertlieless it resembles to a certain extent the irmt- 
fnv Sme specimens of G. (?) Meeboldii No. 17250. A description 
oDthe^uew species together with sketches oi my type sheet is 

appended. . .. - 

Goniothalmms temsserimensis Biswas, Species affinis 

G Meeboldii Oraib, sed foliis oblongo-lanceolatis ; mtidis, nervis 
oblialis parallebs distantis, supra hand impressis, imra promc- 
nentibus margine valde arcuato-anastomosantibus ; pedunculi 
Sor?, fre”Ster supra-axillares ; flores leviter parvis, stylus non 
divisus, late curvatus difiert. « c< -» \ 

Tenasserim, Kyenchong Forest (border oi Boutli Burma) 
Thailand, 70 ni, K. Biswas, No. 1195. (Typiis in Herb. Calcutt. ; 

duplum. No. 1225 in Herb. Calcutt.) 

DESCEIPTIOJ! 

A small tree 3-5 mm. tall, young branches hairy or tomentosc, 
hairs brown; bark dark-brown, minutely fissured. Leaves some- 
what eumu'ate, oblong lanceolate or narrowly elliptic, acute _ or 
ioTC or less acuminatev chartaeeous or subepriacious, maipn entire, 
more or leiss cartilaginotiEs, slightly revblutc ; lamina 10-22 cm. long 
?9'\o 5 5 cm. broad: upper surface glabrous, somewhat smooth, 
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dirty green, lower smooth, glancons, lateral _ nerves 
arching over and anastomosing from ' 

rib, distance between the arches 2-5 mm., 
channeUed throughout on the upper surface ; 
long. Flotcers solitary, almost always extra or 
shortly pedicelled, glandular; sepals 3, valvate smaller than the 
petals, deltoid, ovate, 3 • 5 mm. long, 3 mm. broad at the ba^ , 
netals 6-7 mm. long 3-5 mm. broad tree, subequal m two rows, 
thick hard ovoid, incurved, all the petals opening simultaneously 
in flowers, pubescent and glandular on the outside. ’ 

sessile ; anthers lateral, connective 1-6 mm. long, flat, truncate. 
Caroels many (more than 10), elliptic ; style very short, about 
1 mm. long. " Stigma capitate ; ovule solitary, basal ; torus convex. 

Fructus non- visa. . ,t. 

Habitat— Kjenchong Eain Forest, Tenasserim (bnrder or 
Thailand and South Burma), Mergui Distnct on low ^ s about 
200 ft in elevation— Mostly along the riverside or the I^^chong 
rivei- Type No. 1196, duplicate No. 1225, collector-K. Biswas. 
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THE GENUS, CHlELONOPSIS MIQ., 
RECORDED FOR THE FIRST 
TIME FROM INDIA 

By Dr. S. K. Mukbrjee, M.Sc., Ph.D. 

Curator of the Herbarium, Boyal Botanic Garden^ Calcutta 
(Commimicated Dr. Iv. Biswas) 

Eeceived for publication on January 10, 1942 

Chelompsis Miq. is a Sino- Japanese genus belonging to tlie family — 
Labiatse. Tlie species Cl albiflora Pax and IloiX., was collected 
iTom Batang situated on the border-line between China, and Tibet. 
This was tlie western limit of the genus known hitherto. Eecently 
P. N. Ivolili collected a new ClieJonopsis from the Uri hills in 
Kashmir. This discovery brings tlie genus within the scope of the 
Indian flora, and the range of distribution of tins genus Js thus 
extended to a distance of about 1,000 miles further west. 

The genus GJielonopsis since it was described in 1865 was con- 
sidered to be moiiotypic. In 1890 Hemsley combined Bostry- 
cJiantJiem '’Eth, with CJielonopsis Miq., transferring Bostryekan- 
thera ieficm Bth. et Hk. f. to Ghelonopsis and named this species 
as Ghelonopsis Benthamiana Hemsl. Briquet in Bugler und 
Prantr^ Naturliclie Fflantmifmnilien foilow^ed Bentham and 
placed Bostryehanthera under Prasioideas and Ghelonopsis under 
Stachydese. Eecent authors, viz.^ Dnice, Diels, Dunn and Kudo, 
hav6 accepted the views of Hemsley and treated Bostrychan- 
thera as synonymous to Ghelonopsis. The conclusions arrived at by 
Bentham and also by Briquet are based upon immature fruit>s. 
Detailed examination of mature fruits however by different authors 
definitely established that Bostryehanthera should not be treated 
as distinct from Ghelonopsis. 

The plant collected from Kashmir by Kohli is allied ’ to 
G, albiflora Pax and Hoff., and also to G. Forrestii Antoxij. This 
plant is treated here as a new variety of G. albiflora. A short 
description of the genus Ghelonopsis together wdth a key to all tlie 
species known up to the inesent time is given in this paper. 

Ghelonopsis Miq. 

In Ann. Mils. Bot. Ludg., Bat. 11, p. Ill (1865), et Prodr. BL 
Jap., p. 43 (1866); Benth. and Hki*. Gen. PL II, p. (1873); Maxim, 
in MeL BioL, IX, p. 443 (1873); Briq. in Engl, nnd Pr. Kat. Pflan- 
zenf. IV, 3, a, p. 243 (1897) ; Kudo in Mem. Fac. Sc. Agri, Taihoku 
II, 2, p.: 151 ,(1929). . 
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Bosiryclianlhera Benth. in Bentli* & Hk.f. Gen. PL II3, p. 1216 
(1873); Briq. in Engl und Pr. ISTat, Pflanzenf., IV, 3, a, p. 223 
(1897). 

EerhH or shrubs ; leaves widely tootlied. Floioers large in lax 
axillary cymeB, or flowers often- solitary. Calyx membranous, 
campannlate or bilabiate, lO-nerved, npper lip 3-tootlied, lower 
2-toothed. CoroUa-tuhe somewhat expanded from near the 
base, slightly bent in front, exanimlate, limb 2-lipped, upper lip 
emarignate, lower 3-lobed, the median the largest. Stamens 4, 
didynamous, inferior longer, filaments compressed, anthers 2-locn- 
lar, cells distinct, diverieate, penicellate. Disc equal. Style 
siibequally 2-lid, lobes subulate. Nutlets compressed on tlie dorsal 
side, apex produced to an oblique wing. 


A. Leaves distinctly petioled, 

B. Leaf margin not ciliate, 

C. Leaves membranous, 

I). Bracts inconspicuous, not ioliaceous, 
B. Leaves lanceolate, acuminate, 

6 cm. long or more, 

P. Flowers purple, teeth of 
lower calyx-lip much longer, 

F. Flowers white or pale yellow, 
calyx-teeth subequal, 

E. Leaves ovate, acute, 

3 cm. long, 

D. Bracts conspicuous, foliaeeous, 

E. Leaf-blade 8 cm. long, 
corolla yellow, 

E. Leabblade 10-15 cm. long, 
corolla deep rose, 

0. Leaves chartaceous, 

D. Flowers yellow, 

E. Peduncle 5 cm. long, 

E. Peduncle 1-2 cm. long, 

D. Flowers deep rose, . 

B. Leaf-margin ciliate, 

‘ C. Leaf-apex caudate-acuminate, 

0. Leaf- apex long acuminate, 

B. Flowers white, 

B. Flowers purple-rose 
A. Leaves sessile 


moschata 

albiflora 

Giraldii 

Sraithii 

bracteata 

lichiangensis 

odontochila 

rosea 

Yagiharana 

Forrestii 

siccanea 

deflexa 


1. Chelonopsis moschata Miq. in Ann. Mus... Bot. Ludg. Bat. 
II, p. Ill (1865), et. Prod. FL Jap. p. 43 (1866) ; Maxim, in Mel. 
Biol. IX, p. 443 (1873); Fr. et Sav. Eaum. PL Jap. I, p. 378 (1875) ; 
Forb. et HemsL Ind. FL Sin. II, p. 298 (1890) ; Hk. f. in Curtis’s Bot. 
Mag. 127, pL 7783 (1901); Briq. in Eng. nnd. Pr. Xat. Pflanzenf. 
IV, 3, a, p. 243 (1897) ; Matsum. Ind. PL Jap. 11, p. 537 (1912) ; 
Matsum et Kudo ia Tokyo Bot. Mag., XXVI, p. 297 (1912) ; Kudo 
in Mem. Fac. Sc. Agri. Taihoku II, 2, p. 151 (1929). 




CMonopsis albiflora Pax. & Hofl. var. cashmirica Mukerjee var. nov. 

(i Nat. size.) 

Dist, Japan; China-Nlngpo Mts. 

YaY. — ^longipes Maldno in Tokyo Bot. Mag. Jd, P- (1892); 
Kudo in Mem. Fac. Sc. Agri. Taikoku II, 2, P* lo2 (192. ). 

Chelonopsis longipes Maldno in Tokyo Bot. Mag. XII, p. 67 
(1898); Mastnm Ind. PL Jap. II, 2, p. 537 (1912). 

Dist. Japan-Honshu. 

2 Chelonopsis aVoiflora Pax et Hoffman in Fedde Eep. Beik., 

XII, p. Ill (1922). 

Dist. E. Tibet, -Batang. 

Y(if \ — cashmerica M.iikerjee, var. nov. 

Haec varietas a typo foliis majoribus, florum podnncnlis 
longioribus, corolla flava longiore, recedit.* 

Small shrub, with slender, piiberalous stem. Leaves shortly 
petioled, membranous, lancelolate, acuminate, acute at the base, 
margin sharply and distantly serrate, entire near the base, upper- 
side^ glandular and sparsely hairy with mmute scattered ham, 
lower^side glandular-punctate, densely hairy on the nerves with 
white somewhat floccose hairs ; lamina 8-10- j cm. long, 1-5-3 cm. 

* I am indebted to Dr. N. L. Bor for the Latin portion of the 

; deseiiption.''.,, 'S. 'K. 'M. 
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broad ; petiole 4-6 min. long’, densely floceosely hairy with white and 
glistening hairs; nerves 6-7 pairs, prominent beneath. Cymes one- 
lowered in the axil of leaves near the end of the branches ; bracts 
opposite, linear, 6-8 mm. long; pedimcle slender, pubescent with 
minute white hairs, 4 mm. long, elongated in fruit ; pedicels 1-2 mm. 
long. Calyx campamilate, 15 mm. long, deeply 5-toothed, 10- 
iierved, pubescent on the nerves with white glistening hairs ; teeth 
acuminate, ciliate at the margin, upper teeth 7 mm. long, lower 
9 mm. long; fruiting calyx coriaceous, 20 mm. long. Corolla pale 
yellow, pubescent outside, with white floccose hairs, 3*5 cm. long; 
upper lip 6 mm. long, slightly emarginate, lower lip 3-lobed, 11mm. 
long, 25 mm. broad, the mid-lobe much the largest. Fillaments 
pubescent, anthers penicellate. Nutlets obovate, compressed, winged 
on top, 3 mm. long. 

Dist. Uri Hills Kashmir, 2,000 Mtr., P. In. Kohli No. 189 
(type in Herb. Cal.). 

Tills sheet was sent to the writer by Pev, Dr. E. E. Stewart, 
Principal, — Gordon College, Eawalpindi, who kindly permitted me 
to describe it. There are two other sheets of tliis number at 
1he Gordon College Herbarium. 

3. Chelonopsis Giraldii Diels in Eng. Bot. Jarb. XXXVI, 

Beibl. Xr. 82, p. 94 (1905) ; Dunn in Xotes E.B.G. Edin. 

Xo. XXVIII, p. 177 (1915) ; Kudo in Mem. Eac. Sc. Agri. Taihoku 
IT, 2, p. 153 (1929). 

DisL China, — Scliensi. 

4. Chelonopsis Smithii (Kudo) Mukerjee Comb. Xov. 

Chelonopsis odontoeJiila Diels, siibsp. SmitUi Kudo in 
Mem. Eac. Sc., Agri. Taihoku II, 2, p. 154 (1929). 

Bist. China — Yunnan. 

5. Chelonopsis bracteata W. W. Smith in Xotes, E. B. G 
Edin. Xo. XLIT, p. 92 (1916). 

Chelonopsis odontocMla Diels, subsp. bracteata Kudo in 
Mem. Eac. Agri. Sc. Agri. Taihoku II, 2, p. 154 (1929). 

Bist. China — ^Yunnan. 

6. Chelonopsis lichiangensis W. W. Smitli ill Notes E. 
B. G. Edin. No. XLII, p. 92 (1916). 

Ghclotiopsis odoTitochilct Eiels. sulisp. LiclhidyioG'yisis Nodo 
in Mem. Eac. Sc., Agri. Taihoku II, 2, p. 154 (1929). 

Bist. China — Yunnan. 

odontochila Diels in Notes, E. B. G. Edin. 
No. XXV, p. 240 (1912); Dunn in Notes E. B. G Edin No 

XXVm, p. 178 ( 1916 ). » XV. i,. i.am. jN o. 

Chelonopsis odontocMla Brnh. Huhsn. odontocMla Kudo in 
Mem. Eac. Sc. Agri. Taihoku IT, 2, p. 164 (1929). 

Dist. China — Yunnan. 
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S. Chelonopsis rosea W. W. Smith in Notes, K. B. G. Edin. 
No. XLII, p. 93 (1916). ^ _ 

Chelonopsis odontocldla Diels, subsp. rosea Kudo in Mem. 
Fao. Sc. Agri. Taihoku II, 2, p. 155 (1929). 

Dist. China— Yunnan. 

9. Chelonopsis Yagiharana Hisauchi et Matsum in Journ. 
Jap. Bot. II. P. 1, f. 1-2 (1918); Kudo in Mem. Pac. Sc. Agn. 
Taihoku II, '2, p. 152 (1929). 

Chelonopsis moschaiaMiq. var. lasioealyx Hayata in Tokyo 
Bot. Mag., XXXII, p. 252, ei Icon. PL Form. VII, p. 110 (1918). 

Dist. Japan— Honshu. 

10. Chelonopsis Forrestii Anth. in Sched. Herb. B. B. &. 
Edin.; Notes K. B. G. Edin. XV, p. 239 (1927). 

Chelonopsis odonotochUa Diels, subsp. Forrestii Kudo in 
Mem. Pac. So. Agri. Taihoku II, p. 151 (1929). 

Dist. China— Szetsoh-wan. 

11. Chelonopsis siccania W. W. Smith in Notes, B. B- G. 
Edin. No. XLII, p. 94 (1916). 

Chelonopsis odontochila Diels, subsp. jdccanea Kudo 
in Mem. Pac. Sc., Agri. Taihoku II, 2, p. 155 (1929). 

Dist. China— Yunnan. . 

12. Chelonopsis deflexa Bth. & D^ PI C. CEina 

P.554; Dunn, in Notes E. B. G. Edm. Ao XX\III,p. 1(>- (1915), 
Kudo in Mem. Pac. Sc. Agri. Taihoku II, 2, p. lo..., 1929. 

BostrycJianthera Bth. & Hlcf. Gen. PI. 2216 ; Briq. 

in Eng. und. Pr. Nat. Pflanzenf. IV, 3, a, p. 223 (189 O- 

Chelonopsis Bcnthamiana Hemsl. In Forb. ci. Ilemsl 
lud. PI. Sin. li, p. 298 (1890). 

Dist. China,— Hupeh, Fukien. 
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THE ANATOMY OF THE STEM, LEAF AND 
PETIOLE OF ZANONIA INDICA, L. 

By Balwant Singh 
Department of Biology, Dacca University 

Received for publication on January 10, 1942 

Introduction 

Zanonia incliea is a climber belonging to the family CucnrbitaceaB, 
reported to occur in India, Ceylon and Malaya. In 1938 a flower- 
ing specimen was collected by Mr. S. K. Sen from a mango tree 
growing by the side of the Dacca-Manipur road ; in January, 1941, 
the plant was found to have been severed from its roots, but al- 
though leafless, it was not dead and was producing long serial roots, 
as in Tinospora eordifoUa, Cuttings of the stem struck root when 
planted and duly developed into new plants. 

The plant has since been also found at several other places 
in the district of Dacca. A large leafless but living specimen, 
of which the terminal portion was missing, measured 54 ft. from 
its cut basal end, which was 14 ft, above the ground and was 
sending down long serial roots some of which had already reached 
the soil.^ 

A casual examination of the stem failed to show any intraxy- 
lary phloem. Since such a condition is rare in Cucurbitaceae, I was 
led to make a detailed investigation of the plant. The present 
paper deals with the anatomy of the stem, leaf and petiole. The 
study of the roots, both terrestiial and aerial, will be treated in a 
subsequent paper. 

Previous Work 

Haberlandt (1914), Be Bary (1884) and Engler-Prantl (1897- 
1916) have all stated in a general way that bicollateral bundles are 
characteristic of the family Cucurbitacese. Petersen ^ (1882) stated 
that while the outer phloem always forms an integral part of the 
bundle, this is not to the same degree the case with the inner 
phloem. Thus, in the stem of Alsomitra sarcopJiylla, he (1882) found 
that the intraxylary phloem was replaced by ‘‘cambiform tissue”.^ 
Similarly Fischer (1884) failed to find internal phloem in one species 
of Germrdanthus and Schenck (1893) in Anisosperma Passiflora,^ 

^ A detailed note on the habit and habitat of Zanonia by Mr. S. K. 
Sen is in the press, 

2 Quoted in Worsdell (1915), 

^ This was confirmed by Fischer (1883, 1884) and H4rail (1885) (see 
Solereder, 1908, p. 394 for references). 

^ See Soiereder (1908, p, 397) for references, 
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Wallace*^ working on the stem structure ol Aeiinostemma 
bifilcrndvlosa, found that cYen after considcrahle secondary growth 
all the bundles are collateral. Medullary phloem appears at a 
much later stage but it does not arise simultarneously in all the 
bundles. 

Solereder (1908) writes that probably Feuillea cordifolia and 
GynosUmma integrifolia also lack intraxylary phloem and* in Zano- 
nia indica bicollateral structure does not, at any rate, extend 
to all the bundles Zimmerman (1922) says that among the 
plants tliat he investigated, two {Gerrardanilms grandiflorus and 
Cgdanthcropsis parviflora) had collateral bundles. 

Material and Methods 

The material was fixed in lormalin-acetic-alcohol and sec- 
tioned at 12-20 /X. The older stems were treated with hydro- 
fluoric^ acid before embedding. The sections were stained with 
Bafranin and Fast Green. Macerations were also made accordiiif^ 
to the method given by Jeffrey (1917). 

Anatomy of the Young Btbm 

The stem is at first five-angled in cross section (Fig. 1) but 
afterwards becomes circular due to secondary changes The epi- 
dermis^ consists of a single layer of cells. Stomata occur usually 
in tlie furrows, and lie in the same line as the other epidermal cells. 
The epidermal haiis are or two dilterent types, long uniseriate 
(Fig. 2) and short glandular (Fig. 3). 

Next to the epidermis is the collenchynia (Fig. 4). This is 
especially well developed at the angles where it consists of 3—4 
layers ot large polygonal cells, whereas in the furrows it consists 
or only one to two layers of slightly smaller cells. The rest of the 
cortex consists of chlorcnchyina^ns cells forming 2-3 layers at 
the rnlges and 3-5 at the furrows (Pig. 4). 

The cndoflcrniis could not be made out clearly. Towards the 
inside 01 the cortex there is a continuous wavy band belonging to 
and consisting of 4-8 layers of sclerenchymatous ceUs 
(shown cioss-hatched in big. 1) forming broad arches over the 
vascular bnudles.o The ceUs of the outer layers are much smaller 
and moie lignified as compared to those on the inside. 

On the inner side of the seleronchyniatous band there are 1-2 
Snd‘' tiine7f^ ?‘ parenchyma, forming the “ extrafascicnlar 
chloroplaS ' Tliese cells have no 

m . . vascular bundles arranged in two rings, 

flic outer bundles are situated beneath the ridges while the inner 

® Quoted iu Worsdell (1915). 
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Ite. 1-6.— Mg* 1- Diagramof t.s.of ayoungstom (x22). ] 

Uniseiiate and glandular hairs from scrapings of a young stem ( 
X 125 respectively). Fig. 4. Part of a transverse section of a jc 
showing the epidermis, collenchyma, cortex and tiiick-walled 
(Xl05). Fig. 5. A single vascular bundle in t.s. Note a! 
internal phloem ( X 70 ) . Fig . 6 . Inner portion of an older bundle 
the small-celled parenchyma or “ cambiform tissue towards 1 
of the protoxylem (X14.0). 

alternate with them and lie below tlie furrows. In tlie yoi 
tlie outer ring has 5 bundles while the inner has often on 
fifth one appearing later (Fig. 1). Occasionally there a 
bundles in the outer ring (with the normal 5 in the im 
corresponding to these tiie stem also shows seven angles, 
cases four of the bundles are smaller than the. remainii 
and are seen in pairs. 

All the bundles lack internal phloem, a feature whic 
in the Cneiirbitaee® (Fig. 6). 

Tyloses are occasionally present in the xylem vessi 
inside the- protoxylem there are Oi tew small thin-walled ] 
matous cells occupying the position of the intraxylap 
(Fig. 6). They were never found to have any sieve tubes, 
aiul are evidently similar to the “ cambiform tissue ” r 
by l-*eterson in Alfomitra. 
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Anatomy of the Stem after Secondary Growth 

Solereder (1908, p. 396) says that cork formation is rare and 
takes place only in relatively thick stems of Zanonia. This is not 
borne out by the present investigation and it appears that he did 
not have sufficient material for his observations.^ In my material 
cork formation was found to have begun even in young stems. 
In most of the Cucurbitaceous plants the cork cambium is said to 
arise in the first or second layer below the epidermis (Zimmer- 
man, 1922). In Zanonia it usually has a slightly deeper origin 
arising underneath the eollenchyma in the angles and in the second 
layer at other places.® Only in a few pieces collected during the 
rains the cork cambium was found to have originated in the second 
layer of eollenchyma at the angles (Pig. 8), and just below the 
epidermal layer at other places (Pig. 9). 

In slightly older stems the epidermis is almost completely 
replaced by cork except at the angles where it persists a little longer 
(Pig. 7). Lentieles usually occur opposite to the medullary rays. 
In the oldest stems the cork consists of several alternating layers 
of thin and thick-walled cells. The latter are greatly compressed 
and aippear as dark wavy bands under a lens (Pig. 10). As the 
stem increases in size, the older layers of cork are sloughed away 
and their place is taken by younger cork formed by successive 
cylinders of phellogen which are produced centripetally. A curious 
feature of the periderm is that some portions of the sclerenchv- 
matous band become included in it. This will be considered later 
in connection with the pericycle. 

Towards the inner side, the phellogen cuts off 6-10 layers of 
phelloderm The younger cells are rectangular in shape and radial- 
ly arranged, while the older ones are elliptical with intercellular 
spaces in between them. They are rich in starch grains. The 
primary cortex becomes greatly reduced and narrowed. A few 
m appear inside and opposite to the medullary 

rSiys (Jb 1^’, xo). 

The wavy band of pericycle, which was continuous in the youno' 
stem (Pigs. 1 and lla) begins to break up into crescent-shaped bands 
(Ing. 11b) overarching the vascular bundles. Some of the outer 
most ce Is oi this band become still further sclerised and form stone 
cells. A lew stone cells also arise between some of the pericycle 
arohes lorming a sort oi bridge from one band to another In mme 
or the stems an additional phellogen was found to arise below sZe 
01 the arches (Pig. 11 e). Due to its activity the latter are eradn- 
ally pushed outwards and become surrounded on all sides by a cork 
cambium (Pig. lid). As the growth is more vigorous Sow 

It/ is prob3»bl6 Xbett liis obscrvAXions wero 
of very thin twigs only, ^ »asecl on herbaimm mounts 

® Cf. Momordtea trifoliata and M. rostrata (Zimmerman, 1922). 
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Fiss. 7-11— Fig. 7. Diagram of t.s. of older stem showing beginnings 
of cork formation. The collenchyma is persisting at the angles. The scle- 
renchymatous ring has started breaking into separate arches over the 
vascular bundles ( Xl6). Fig. 8. Portion of t.s. of a tmg in the an^lar 
portion showing the development of cork in the second layer of collen- 
chvma (Xl40)f Fig. 9. Same, in the region of a furrow, showing the 
ori^n of cork from the layer just below the epidermis 
Diagram of a portion of t.s. of a still older stem 

fi.Tiri vnAifLl elongation and splitting of vascular bundles (xl3). hig. 11 


(or-f). Diagrams of portions of t.s. of stems showing different stages in the 
■ ■ ’ slimination of a portion of the sclerenchymatous pen- 


thrusting out and eli 


cycle ( x 21). 


As mentioned 'before the vascular bundles are originally in 
two rings but as secondary growth advances the cambia of the 
inner and outer bundles become connected together so that 
the bundles now lie in a single ring. Some of the xylem elements 
become so large that they can be made out even with the naked 
eye. With the growth of the secondary phloem, the primary 
phloem is crushed to form a crescent-shaped mass. 
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As the stem increases in diameter the bundles (particularly 
the five larger ones) become radially split due to the formation 
of secondary vascular rays and the xylein consequently develops 
not as a solid mass but in the form of separate strands which are 
thin and wedge-shaped in cross section. This is a well-known phe- 
nomenon met with in all climbing plants and the breaking up of 
the originally continuous seierenchymatoiis ring into small crescents 
is also to be interpreted similary. 

The interfascicular cambium continues to add new cells to 
the medullary rays. These cells are radially elongated and ellip- 
tical and like the pitli they store large quantities of starch grains. 
At some places inside the rays there are small patches or streaks 
of stone cells which contain very small crystals, probably of 
calcium oxalate. 

The pith becomes greatly reduced in size due to the radial 
elongation of the vascular bundles. Its cells get compressed and 
some are entirely obliterated. In certain sections stone cells have 
also been seen in the pith. 

Petiole 

The petiole possesses epidermal hairs similar to those on the 
stem (Fig. 12). The cortex is differentiated into collenchyma and 
ehlorenchyma. There is no well-marked endodermis. The vas- 
cular bundles, usually 7 in number, are arranged in the form of a 
horse-shoe, the largest being situated opposite to the adaxial groove. 
In the younger stages there may be only 5 or 6 bundles. The 
structure of the vascular bundles is essentially similar to that in 
the stem except that in the petiole each bundle has a narrow cap 
of tangentially elongated parenchymatous cells instead of the scle- 
renchyma band found in the stem. The pith consists of large 
spherical cells with starch grains. 


Figs. 12. Diagram of t.s. of 

Diagram of t.s, of leaf through the midrib ( xOV 
lamina (X 121). ^ ^ 
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Leaf 

Hairs of both iiniseriate and glandular t^^pe are present. The 
palisade tissue consists of 1-2 layers of short vertically elongated 
cells, which are extremely compact and verj^ rich in chloroplasts. 
In some leaves there was no distinct palisade parenchyma and the 
cells in this region did not differ from the other mesophyll cells 
except in being more compactly arranged and having a larger 
number of chloroplasts. The absence of palisade from such leaves 
may be attributed to their having been collected from more 
shaded sides of the plant. The rest of the mesophyii consists of 
ordinary spongy parenchyma with large intercellular spaces. 
Druses of calcium oxalate are occasionally found just below the 
upper epidermis. The lower epidermis is similar to the upper 
but its cells are much smaller and are interrupted by stomata 
(Fig. 14). Fig. 13 shows a diagram of a c.s. of the leaf through 
the midrib region. 
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^ . Summary 

1. The stele in the young stem normally consists of two 
rings of five bundles each. In exceptional cases the outer ring 
may have up to seven bundles and the inner only 3 or 4 bundles. 
A continuous wavy ring of sclerenchymatous cells is x>resent around 
the bundles. 

2. All the bundles, whether young or old, are devoid of inter- 
nal phloem. 

3. The/ enrk cambium, which usually arises underneath the 
collciiohyma may sometimes develop in its second layer at the 
angles and just below the epidermis at other places - 

4. In older stems the periderm consists of 3-4 concentric and 
alternating layers of thick and thin- walled cork. 

5. The pericyclic sclerenchyma breaks up into separate bands 
bridged by stone cells that are secondarily differentiated. Some 
of these bands are thrust out and eliminated by the development 
of a cork tissue below them. 

6. As secondary growth advances, the vascular bundles are 
radially split by vSheets of secondary vascular rays so that an 
old stem contains numerous separate bundles instead of the 
.'Original' ten.' ■■ 
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7. The leaf and petiole also lack internal phloem and the 
bundles are of the ordinary collateral type. Crystals of calcium 
oxalate are occasionally present. 
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Xylem rays, or wood rays, also known as medullary rays, or pith rays 
are radiating strips of cells running centrifugally throngli the xylem 
and also extending through the phloem as phloem rays. The rays 
are initiated by the cambium, and once formed, are increased in 
length indefinitely by the cambium. In conifers, they are gene- 
rally one row of cells thick ; in pines, wider rays are also found 
containing in the middle a horizontal resin duct. They are from 
one to about 16 cells in height. As they run radially outwards 
through the secondary xylem they gradually run apart or diverge from 
each other, but more and more rays appear from the cambium at 
later stages in between the older diverging rays, as the circumference 
of the vascular cylinder rapidly increases with the addition of new 
secondary tissues (1, 2). In the transverse section of a normal 
stem where the growth rings are concentric, the rays appear like 
innumerable radii running almost straight from the centre towards 
the circumference. 

In horizontal branches or conifers the growth rings are wider 
in the lower part than in the upper part of the branch ; i.e., the 
subsequent growth rings are eccentric having their wider region 
almost always on the vertically lower side of the branch. In the 
transverse section of such a branch, the author has observed that 
the rays are straight in the antero-posterior plane of the branch, 
but in its lateral plane the rays appear to be curving upwards (Text- 
fig. 1). In such coniferous branches, we may suppose that the centre 
of the gradually widening successive growth rings goes on chang- 
ing its position gradually downwards in a vertical line correspond- 
ing to the, antero-posterior axis of the branch. The tendency of 
the growth of a cambial cell being always in a radial line upto the 
circumference forming a normal to it, the strip of ray in an outer 
eccentric ring makes an angle with the strip of the inner ring with 
which it is continuous (Text-fig. 2). 

In the main axis of the twisted chir pine {Finns longifoUa) there 
are eccentric growth rings and the widest parts of all such rings may 
be on different radii in a transverse plane. In Plate XIII, Fig. 7, 
showing the transverse section of the stem of a twisted pine, the 
eccentricity of the successive rings, as also indicated by the 
compression wood, lie on different radii. The centres of these 
rings do not lie in one line as in the case of a horizontal branch. 
Consequently the rays are observed to pass out in a zigzag course 
10 








Texfc-flgs. 1-2. — ^Pig. 1. Diagrammatic representation of the annual 
rings and of the wood rays in the transverse section of a coniferous branch. 
Pig. 2. Explaining the curving of rays in the above, the radius of the 
outer eccentric ring forms an angle with the radius of the inner ring. 

forming normals to tbe circumferences of these eccentric growth, 
rings. 

In the twisted chir pine the degree of twist of the spiral grain 
goes on changing from year to year, sometimes increasing and 
sometimes decreasing (3). As the spiral grain, both in its pro- 
duction and in its direction, has been found to be correlated with 
the eccentric growth rings and with the change of sides of the eccen- 
tricity in these rings at different height levels (4), it was considered 
worthwhile to study whether the zigzag course of the wood rays has 
got any relationship with the degree of twist from year to year. 

Consequently, a transverse section of a small sector of a 39- 
year old stem of a twisted chir pine showing externally 30 degrees of 
left twist, was taken to show the course of the wood rays from the 
4th to the 39th ring and photomicrographed in six plates (Plate XIII, 
Pigs. 1 to 6). Tangential longitudinal sections from outside through 
most of the annual rings of the same sector have been studied and 
the degree of inclination of the fibres or tracheids has been calculated 
in relation to a vertical side. Such a section is shown in Plate XIII, 
Pig. 8. The following table shows the degree of inclination of 
tracheids in some of the different annual rings. 


Annual King 

i 

Inclination 
of Tracheids 
in degrees 

Annual Bing 

Inclination 
of Tracheids 
in degrees 

39 1 

37 

36 

35 

33 

32 

30 

22 

1 30 

30 

30 

30 

28 

29 

31 

30 

1 • 

19 

17 

14 

13 

11 (late) 

10 

9 

4 

■ 30 

'''':27-5, 

27-5 

25 

23 

20 

20 

11 
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An attempt may then be made to correlate the degree of in- 
clination of the traoheids with the straight or zigzag course oi 
the wood rays, in the different growth rings. 

In the 4th ring the inclination of tracheids was 11 degrees clock- 
wise but it went on increasing upto the 9th ring to 20 degrees and 
this ' increase may be correlated with the right-hand (clockwise) 
sMftinff or ciirvinsj of tlie rays tliroiigli the 5th, 7t]i and the 8tli 
rings (Plate XIII, ''Pigs. 1 and 2). In the 9th and 10th rings the rays 
are comparatively straight (PL XIII, Pig. 3) and the inclination re- 
mained at 20 degrees in these rings. Towards the end or ^the 
10th ring and in the 11th ring, there is again a right-hand ^shift- 
in«^ oi the rays, which might be correlated with the increase or fibre 
inclination to 23 degrees at the end of the 11th ring. Th^ ri^i^ 
hand shifting of the rays continnes through the 12th and the 13th 
rings (Plate XIII, Pigs. 3 and 4) and is probably responsible lor 
the increase of inclination to 25 degrees in the 13th ring and 
to 27 -5 degrees in the 14th ring. The rays are comparatively 
straight through the 14th, 15th and 16th rings (PL XIII, Pig. 
4), and the inclination of the tracheids remained at 27-5 d<^rees 
though the 14th, 15th and 16th rings npto the lUh rm_g. There 
is again a right-hand shifting of the rays in the 17th and rings 
(Plate XIII, Pig. 5), and the inclination increased npto 30 degrees 
in. the 19th ring. From the 20th to the 30th rings, which 
are very small, the inclination increased from 30 to 31 degrees and 
the ray's are fairly straight in the region excepting in the 24th ring 
where there is a slight right-hand shift (Plate XIII, Fig. which 
might be responsible for the slight rise of one degree. At the begin- 
ning of tbe 32nd ring and through the 33rd ring there is a reverae 
shifting, i.e., a left-hand or anti-clockwise shirting oi the rays (Pi. 
XIII, Fig. 6). This may he correlated with the decrease in the incli- 
nation of tracheids to 29 degrees in the 32nd ring and to 28 degrees 
in the 33rd ring. In the late wood of the 33rd ring, a tew oi the 
ravs have tended to straighten and in the 34th ring, all the rays 
have straightened. So in the 35th ring, the inclination of 
traoheids is found again to be 30 degrees. The constant inclination 
of 30 deo'rees from the 35th to the 39th ring may be correlated with 
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eccentricity changes sides very often, forming normals to the cir- 
ciimferenoes of tlie successive rings. 

The- deviation of the wood rays from its straight course through 
the wood, seems to be correlated with the appearance of spiral 
^raiii and its clockwise deviation tends to produce the lett twist 
tclockwise course upwards) of fibres. Further clockwise deyi- 
ation in the course of the wood rays tends to increase the left twist 
of the fibres and the anit- clockwise deviation oi the rays tends to 
decrease the left twist. 

The author takes this .opportunity to thank Mr._ G. V. Chalam, 
M.sc., for tin? preparation of the photomicrographs for this paper. 
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EXPLANATION OF PLATE XIII 

Figs 1-6 Photomicrographs of the transverse section of a small sector 
of a 39-year old stem of a twisted chir pine showing all the 
rings from Bing 4 to Bing 39, which are numbered on the 
left-hand side. The courses of the medullary rays are indi- 
cated by the innumerable dark lines. 

Fig. 7. Transverse section of the stem of a twisted chir pine, showing 
eccentric rings with dark compression wood, lying on differ- 
ent radii. The rays have taken a zigzag course to form 
normals to each circumference. 

Fig S. Tangential longitudinal section of the wood of the above 
sector of the 39-year old stem showing inclination of 
tracheids in relation to a vertical side of the sector. 
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STRUCTURE OF THE GYNCECIUM IN MALE 
FLOWERS OF OSMANTHUS SUAVIS KING 

By a. 0. JoSHi 
Benares Hindu University 

Eeceived for publication on February 9, 1942 

Osmanthus Lour. (Faiu. OleaceiB) is a small genus of evergreen 
shrubs or small trees with less than a* dozen si>ecies, but clistri- 
biited from IST.^^. Himalayas through China and Japan to Western 
America. Two species, 0. fragraris Lour, and 0. sicavis King, 
are found in India, tluj loriner in temperate Himalayas from Garh- 
wal to Sikkim and Khasia Hills at a height of 4,000 — 7,000 ft., the 
latter in subalpine Himalayas of Kepal, Sikkim and Bhotan at a 
lieight of 9,000-10,000 ft. Tlie calyx and corolla in all species 
arc tetramerous, stamens dimerous, and gynoBcium consists of a 
2-celled superior ovary, wdtli tvro ovules hanging from the apex 
in each cell. The flowers, however, vary a great deal iii their 
sexual expression. They may be hermaphrodite, polygamous, 
monmeious or dioecious. Osmanthus suavis possesses flowers of 
two kinds, hermaphrodite and male. The latter have all the parts, 
but the gyncecium is rudimentary and sterile. Even tlien the 
gynoecium shows several features, which appear to be of considerable 
interest with reference to the morphology of the carpel. There- 
fore, an attemj)t has been marie in tlie present paper to describe 
the anatomy of the male flowers of this species with special 
reference to tlie form and the vascular structure of the gynoecium. 

The investigation is based on the study of serial microtome 
transverse sections of flowers obtained from a tree growing at the 
Llyod Botanic Garden, Darjeeling. The material was collected 
and sent to me by the Curator of the Garden, and T take this op- 
portunity to express my indebtedness to him for the same. I also 
desire to thank here Dr. S. K. Mxikerji, Curator of the Herbarium, 
Eoyal Botanic Garden, Sibpur, Calcutta, for confirming the identi- 
fication of the material. It has so happened that all the material 
sent to mo consists of male flowers. I had thus no opportunity 
so far to study the comparative structure of hermaplirodite flowers, 
in wliich the gymecium is fully developed. The work is thus 
somewhat incomplete, but tlie results even as they are warrant 
publication on account of tlieir general interest and the light they 
shed on the morphology of the (carpel: 

Out of the male flowers available to me, I have cut four flowers, 
one comparatively young with antliers only at the microspore- 
mother cell stage, the other three nearly fully developed and possess- 
ing quite mature pollen grains. Three flowers, the young one 
11 
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and two old ones, showed an essentially similar structure, while 
the fourth flower diflei’ed from the rest in showing an extra carpel. 

Steuctuee of the IsToemal Flowers 

The pedicel shows quite normal structure. The vascular 
bundles are arranged in a compact ring. There are no medullary 
bundles as seen in several species of Jasmmum (Joshi and Fotidar, 
1940) or any other anomalous features. The vascular supply of 
the calyx consists of eight traces, four midrib bundles alternating 
with four commisural bundles. The latter further up branch into 
two each and form the marginal veins of the sepals. Each calyx 
lobe thus gets three bundles. The stele of the floral receptacle 
soon after the departure of the calyx traces gives out six vascular 
strands, which are larger than all the rest. Four of them occupy 
a diagonal position and are the petal traces. The other two placed 
laterally are the stamen traces. These facts are illustrated by 
Figs. 1 a-h and 3 a-h. Figs. 3 a-h are more clear, as in Fig. 1 the 
flower is cut somewhat obliquely. Bach petal trace in the coro- 
lla-tube splits into three bundles, while the stamen trace runs as 
such through its entire course in the corolla-tube till it enters the 
base of the subsessile stamens. 

The central stele after the departure of the calyx, corolla and 
stamen traces resolves into six bundles, arranged in two groups 
of three each. One group is on the anterior, the other on the 
posterior side of the flower. These are the vascular traces of the 
gynoecium, each group supplying one carpel. The median bundle 
of each group is the dorsal trace and runs along the midrib or dorsal 
suture of the carpels, while the lateral bundles form the marginal 
veins of the carpels that run along the ventral sutures. The three 
main veins of each carpel frequently branch. Therefore the 
number of bundles in a transverse section of the ovary is often 
seen to be more than six (Fig. 1 5), but such branching is confined 
only to the base of the ovary and higher up the extra bundles 
disappear (Fig. 1 c). Many peculiarities are observed in the 
ovary which, as Judged from the previous descriptions, have not 
been noted in the bisexual flowers, where the gynoecium is 
fully developed and fertile. The ovary is never completely 
bilocular. The ventral sutures are close together for a very short 
distance at the base of the ovary (Fig. 1 &), and the ovary looks 
bilocular, but even here the boundaries of the two sutures are quite 
distinct. The ventral sutures immediately higher up move apart 
and only one common loculus is seen in the ovary (Fig. 1 c). Fur- 
ther, the ovary is not closed at the top. It opens out into two 
leaf-like open carpels (Fig. 1 d). The lateral carpel traces at this 
level have died out and each carpel shows only the midrib bundle. 
The form and position of the two carpels with respect to each other 
varies slightly in difterent flowers. They may be quite separate 
from eacli other as in Figs. I d-/, or they may fit into each other 
as in Fig.^ 2. When free from each other, each carpel has either 
conduplicate form or is rolled over from one edge to the other. 
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T1i 6 anterior carpel in Fig. 1 e sliows tlie first lorni, tiie posterior 
tlie latter form. The two open carpels in Fig. 2 show an halt-eqni- 
taiit arrangement. There is no style or stigma. ^ Each carpel 
ill all cases near the apex is covered with long unicellular hairs 
arising from the inner surface (Fig. !/)._ These hairs perhaps re- 
present the transmitting tissue of fertile carpels. Ovules are 
totally absent. There are even no rudiments of them either 
in the lower closed part of the ovary or higher, up along the fi;ee 
margins of the open carpels. Another feature deserving special 
notice here is the comparative size and behavionr of the dorsal 
and ventral traces of the carpels. Generally among flowering 
plants the dorsal bundle of a carpel is comparatively weak. The 
ventral bundles are larger in size and more abundantly branched. 
Here however the dorsal bundle is generally better developed than 
the ’ventral bundles. It is larger in size and extends through 
the whole length of the carpels, while the ventral bundles are not 
only smaller in size but also die out before the ovary opens out 
into free leaf -like carpels. This fact is clear in all figures. 

The histological structure of the vascular traces for the dif- 
ferent whorls varies considerably. The calyx traces are collateral 
throudiout their length. The' corolla traces are concentric at 
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Fig. 3 a-g, Osmantlius aimvis , — ^A series of transverse section,s from the 
base upwards of a male flower with three carpels showing the structure 
of the flower and the vascular supply of the different parts. The gynce- 
cium alone is shown in figs. For further explanation see text. xS5. 

extra carpel throughout its length possesses cue vascular bundle, 
which never branches. 

Discussion 

The gynoecium of the Oleaceai is generally described as con- 
sisting of two united carpels occupying a median plane, but 
Saunders (1939) applying her theory of carpel polymorphism to 
this family considers, citing Syvinga^ Forsythia, lAgustmm and Fraxi- 
nus as examples, that the gynoecium consists of two median sterile 
carpels alternating with the "stamens when the androecium is dimerous 
and two lateral fertile carpels. Barely, according to her, the gynoe- 
cium consists of 4 + 4 carpels, as in the female flower ol Osmanthm. 
S!ie gives no special reasons for these views of hers, but we can 
gm^-ss tliat tliese are the same on which her theory of carpel poly- 
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iiiorpMsm in general is based. Still it is not quite clear even on 
this assumption why she regards the gynoecium of OsmantMis as 
composed of 4 + 4 carpels. Comparing the structure of the gynoe- 
ciiim of the male flower of Osmanthus suavis with that of Syringa as 
described by Eames (1931), the two are seen to be built on the 
■ same vascular plan. We can then take it that she would give a 
2+2 formula for the gynoecium of the male flower of this species. 
The breaking up of the gynoecium in this case in the upper part 
into two leaf-like open carpels, however, clearly demonstrates that 
it is composed of only two carpels as conceived by the monomor- 
phic view. 

A typical angiospermous carpel possesses generally three 
veins, the median or the dorsal bundle and two lateral or ventral 
bundles. The dorsal bundle is generally little branched, while 
the lateral bundles are greatly developed and much branched. 
This has been stressed as a strong point of difference between the 
carpel and vegetative leaves, and it has been consequently stated 
that the two are not homologous. Thomas (1931) on this ground 
has stated that a carpel is not a simple structure, but is composed 
of three parts. The poor development of the lateral traces in the 
carpels of the male flower of Osmanthus suanis, which is obviously 
related to their sterility, clearly shows that the great development 
of lateral traces in ordinary carpels is a purely physiological phe- 
nomenon. It is, as I stated before (Joshi, 1935), "related to the 
fact that the lateral veins liave to supply nourishment to the 
ovules and later on to the developing seeds, while the midrib bundle 
has no particular function. It has no morphological significance. 

SlTMMAE.Y 

The vascular anatomy of the male flowers of Osmanthus sua- 
pis King is described, with special reference to the form and struc- 
ture of the gynoecium. The 4-lobed calyx is supplied by four 
midrib and four commisural collateral bundles, the vascular sup- 
ply of each sepal being built on the | + 1 + ^ plan. Each of the four 
petals receives a single concentric trace, which splits into three 
collateral bundles. Each stamen receives one bundle, which has 
a concentric structure throughout its length. The carpels are 
united in the lower part to form a closed ovary, but this is 
unilocular unlike the ovary of the bisexual flowers. Further, in 
the upper part of the gynoecium the ovary opens out into two 
leaf-like carpels with free margins. This ciearly shows that the 
gynoecium is composed of two carpels and refutes the polymorphic 
interpretation of Saunders. There are no ovules or their rudiments 
Bach carpel receives three collateral traces, of which the dorsal one 
is better developed. The laterals are weak and die out in the free 
part of tlie carpels. This proves that the great development of 
the lateral veins in ordinary fertile angiospermous carpels is a 
purely physiological phenomenon connected with the noiirishment 
oi tlie ovules and has no morphological significance. A third 
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carpel lias been observed in one flower witMn tbe two normal 

carpels. 
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AN ANATOMICAL STUDY OF THE SHEDDING 
AND NON-SHEDDING CHARACTERS 
IN THE GENUS ORFZA 

By G. V. OH.iLAM, M.Sc. 

Botanical Laboratory, Bavmshaw College, Cuttack 
(Communicated by P. Parija) 

Received for publication on February 12, 1942 

Shedping of the spikelets is a very common feature in the wild 
paddy. During the months of aSTovember and December a very 
interesting spectacle is jmesented by the naked panicles and the 
bare pedicels of wild paddy (Plate XIV). On the other hand during 
the same months cultivated paddies give quite a contrasting view 
with their ears fully laden with the spikelets. In the wild paddies 
as observed in this part of the country the grains are shed when they 
reach the stage of ripening. From the stage of the hardening of 
the grain, any slight contact would be enough to drop the grain 
from the axis' of the pedicel. Naturally as the spikelet of the wild 
paddy consists of along awn with bristles (Fig. 4), it is easily dis- 
located from its axis % wind or any other contact. On the 
other hand in the case of the cultivated paddies a certain amount 
of mechanical force is required to separate the grain from the ear 
(which is otherwise known as thrashing). From the cultivators’ 
point of view non-shedding with the possibility of separation with a 
not too strong mechanical force is a very desirable, economic 
character. 

A morphological and anatomical study of the various parts 
connected with this character, is made in this paper. The present 
investigation is confined to two shedding types namely Oryza sativa 
Yar. fatua and Oryza coarciaia (Roxb.), and one non-shedding 
type of Oryza saliva Var, Cuttack No, 3. Eamiah® states that 
even in the cultivated Oryza saliva, shattering is a varietal 
character and that this character may va^ quantitatively, in dif- 
ferent varieties. In the present case a typical non-shedding variety 
was taken in contrast to the other extremity in the wild species. 
All these species were grown in pot cultures in the Botanical 
Garden of the Ravenshaw College. In Oryza sativa and Oryza 
fatua the pedicel is connected to the spikelet at its base on the 
side of the superior p,dea. As such the joint of the pedicel^ and the 
spikelet is exterior in position to the rachis of the panicle. To 
elucidate the nature of the joint, the shape and anatomy of the 
joint were studied at three stages of the development of the s])ike- 
let. In the case of the shedding species, it was not possible to study 




340 


G. V. CEALAM 




li ‘ 








I t 


tlie joint intact witli the spikelet and the pedicel after matnrity. 
It was found that in both Oryza sativa fatua and Oryza eoarotata all 
attempts to dissect the joint for fixing, resulted in the separation 
of the two. Spikelets from the panicle while they were still in 
sheath and at the stage of slight maturity, i,e., when the grain was 
not fully formed were taken and fixed in all the three species. 
J'or the third stage, i.a., ripening stage, joints could be dissected 
from Oryza sativa without difficulty while in the other two species 
only pedicels after the shedding of the grain were fixed. The 
material offered considerable difficulty in cutting. Cedar- wood 
oil was used as a clearing agent to soften the tissues to some extent, 
and for embedding paraffin M.P. 52° 0. was employed. 

Shape of the Joikt 

Eumiah^ points out that shattering is dependent upon the 
nature of attachment of the grain in the panicle. Further, he 
suggests that the depression at the base of the spikelet is very 
slight in the shattering variety and the depression is a little deeper 
in the non-shattering varieties. A closer anatomical study of the 
joint has revealed another important factor which seems to play 
^ great part in the shattering character. 

Oryza sativa. — The pedicel is rounded off at the connective 
end which fits into the concavity of the base of the spikelet on the 
side, of the superior palea (Fig. 3). In the longitudinal section this 
gives an appearance more like that of a ball and socket joint (Fig. 14). 

Oryza sativa Var. fatua. — The joint appears like two discs one 
supported upon the other (Fig. 15). The connective end of the 
pedicel looks like a flat disc supporting the spikelet at its base though 
inclined at an angle (Figs, 4 and 5). The spikelet in its young and 
immature stages probably receives certain amount of mechanical 
support from the two bract-like out-growths at the base of 
the connective (Fig. 15.). The bract-like out-growths are con- 
spicuoulsy large in this species when compared to the non-shed- 
ding species, where they are almost absent. 

Ohtza Ooabctata 

species is entirely different from the above 
two species. From the shedding point of view, though this spe- 

Oryza fatua all the same the grains 
are shed down as soon as they reach the stage of early ripening and 
the bare pedicels only are found (Plate XIV). The pedicle is connect- 
ea to the spikelet vertically without making any bend. It mav 
he seen from Figs. 16. and 17, that the connective end of thi 
at an angle in the case of Oryza fatua and Oryza 
WM. As such the vessels and other tissues make inward bend 

oL™® connective end. This may 

account for the inclined nature of the joint, in the above two cases, 
un the other hand m Oryza coarctata the pedicel at its connective 




Text-figs. 3-7,-— Fig. 3. Spikelet with the pedicel in O. saliva. 
Fig. 4. Spikelet of O.fatua at the early stages. Fig. 5. The same after 
ripening when the pedicel separates from the spikelet. Fig. 6. Spikelet 
of O. coaretata in the early stage. ^ Fig. 7. The same after ripening when 
the pedicel separates from the spikelet. 

end does not make any bend and all the tissues are more or less 
in straight regular rows (Fig. 18). The surface of the pedicel 
looks like a cup with a central cavity. The small peg-like struc- 
ture protruding at the base of the vSpikelet fits into this concavity 
while the surrounding rim fuses with the base of the spikelet. 
(Figs. 6 and 7). 

Eelative measurements of the connectives oi the pedicel in 
the joint are given in the table below: — 
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Oryza sativa 
mm. 

Oryza fatua 
mm* 

Height 


. . 

0-14 

0*035 

Breadth 

•• 

•• 

0-28 

0*28 


It is evident from the above measurements that in Oryza sativa 
the connective of the pedicel makes a deeper penetration into the 
spikelet than that of Orym fatua. It is as much as four times that 
of Oryza fatua. Further as stated earlier the end of this connective 
panels off inside the spikelet making more or less a ball and socket 
joint (Pig. 9). The diameter of the connective in both the cases 
is the same bnt the pedicel of the Oryza fatiici looks like a flat disc 
without any depth of penetration into the spikelet. In the case 
of Oryza coaretata, it is quite different where the vascular tissue 
and its surpunding tissues form a pegdike structure which is about 
0 • 42 mm. in height. This peg is broader in the beginning and 
rmrrows down to the end (0*245 mm. to 0*0525 mm). This peg 
tits into the concavity of the pedicel while the base of the entire 
spikelet rests on the widened surface of the pedicel (Fig. 6). 

Abscission Layeu 

The phenomenon of the abscission layer in leaves, buds and 
fruits has been extensively investigated in its anatomical and 
chemical aspects, von MoliF was the first to discover the 
formation of a definite separation layer before the fail of a leaf. 
Wiesner’ confirming the observations of von Mohl formulated 
the theory that the intercellular substances of the ceils of the sepa- 
ration layer are dissolved by the action of the organic acids 
developed in the leaves. Mangin’s’^ finding about the pectic 
nature of the middle lamella or ceil walls in plants brought 
forth the theory that the abscission process is caused by the dis- 
solution of the pectose and the calcium pectate of the middle 
lamella. 

^ Lee^ reported the disappearance of the middle lamella only, 
which was confirmed by Hannig^ in the case of flowers also with 
the exception oi Mirabilis Jalapa^ where the enitre ceil wall was 
reported to have disappeared. Later on Tison’^ also stated as 
sxpported by Lee also that in general the secondary membrane 
or cell walls alter and disappear leaving only thin tertiary membrane 
lining the cell lumen. Lloyd^ contradicting the observation of 
Hanmg about the disappearance of the entire cell wall that the 
greatest degree of alteration takes place by hydrolysis in the cells 
ot the separation layer where a complete digestion of the part of 
tie primary and secondary walls takes place. Consequently the 
tertiary walls ap extenuated separating from each other. Further 
mechanical resistance of the older parts appear to influence the 






SHEDDING, NON-^SHEDDING CHAEAG TEES IN OBYZ A 343 



plane of separation and the xylem tubes -whieh are not included 
in the separation layer, are ruptured mechanically. Starch in the 
cells of the separating layer and the adjoining tissues happens to be 
the source of energy for the separation cells during their growth. 
Lloyd asserts further that neither the cytoplasm nor the nuclei 
display any degeneration changes which on the other hand are quite 
alive and bear evidence of greater physiological activity when the 
separation is achieved. 

Yoshito Yamasaki^ studying the abscission of the spikelet 
in Or yza sativa finds that the separation is due to abscission tissue 
in the part of the spikelet between the empty glume and the glume 
rudiment. 

Yoshio Takenoiiehi® also finds a special tissue in the boundary 
between the grain and its supporting stalk. According to him it 
consists of 1-3 layers of lignified thin walled cells, which become 
dry when the grain begins to ripen with the natural consequence 
of their separation from their stalks. 

In the present investigation certain broad anatomical features 
in the formation of the abscission layer in the two species (three 
types) of Oru^a, are studied and an explanation is put forth for the 
relative shedding and non-shedding of the grain in the above 
species. 

Orym satim var. G. No, 3. — Very young spikelets while they 
are still in the sheath but just before the emergence were taken. 
In all the cases the topmost 20 spikelets were dissected and the 
joints were fixed in aceto-alcohol. Longitudinal sections of 20 /x 
to 30 fc were cut and stained in safranin. Abscission layer com- 
mences just below the epidermis, consisting of a narrow band of 
transverse cells. In the present case the band consists of one 
layer of cells only. These are quite distinctly observed as charac- 
terised by the smallness in their size and the dense cytoplasm. 
Further, this layer of cells is entirely different from the cells of the 
pedicel and the spikelet as marked by their very thin cell-walls. 
In this case the separation layer is not extended throughout the 
breadth of the joint. It does not extend even up to the central 
vascular tissue. All around the central vascular tissue about 
6 to 7 layers of cells with lignified walls take abend at right angles 
twice and extend into the tissues of the spikelet (Figs. 8, 9, 12), 
and as such the vessels in the centre happen to be protected all 
around by the above bands of cells. 

By the time the spikelet is slightly mature separation of the 
cells in the abscission layer is achieved (Fig. 14). Throughout 
the length of the layer loose cells are found. Granular protoplast 
found in the previous stage could not be observed in this stage. 
Both from the shape and capacity for staining, the cell walls seem 
to have undergone a chemical change. They are now compara- 
tively well stained and the cells are more enlarged than before. 
A slight unequal swelling in the cell walls was also noted. The 
separation of the cells may be brought about by the dissolution of 
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Text-figs. 8~10 a. — ^Fig, 8, Tangential section of the joint in O.sativa 
where two bands of cells from the pedicel entering the spikelet are shown, 
big. 9. The same in longitudinal section at the median portion showing 
the central vascular tissue. Fig. 10, Longitudinal section of the joint 
m O* fatua at the median portion showing the abscission zone with two 
layers of cells. Fig. 10 a, Joint of the same from the upper portion. 






SHEDDING, NON-SHEDDING GHARAGTEES IN OBYZA 


the middle lamella whose absence is quite conspicuous. The same 
two bands of 7 to 8 rows of lignified cells are observed protecting 
the central vascular tissue. These bands of cells make a doiible 
knee-shaped bend and enter into the base of the spikelet 
(Fig. 12). Further the epidermis of the outer glume and the pedicel 
remains continuous. The last stage was taken when the spikelet 
had completely ripened and ready for harvest. The spikelets 
were cut along with their pedicel and the kernels were removed 
by cutting them at the position of the embryo. Thus the joints 
were fixed along with the base of the spikelet. Since the material 
was found to be very hard and brittle to cut, it was kept in 2% 
KOH solution for 24 hours and thick longitudinal sections of 40 /a 
to 60 p, were cut. 

At this stage continuity of the epidermis between the pedicel 
and the spikelet is lost (Fig. 16). There is a clear gap between tl.e 
base of the spikelet and the pedicel where hitherto, the cells of the 
abscission layer were found (Fig. 18). Probably the cells might 
have been dissolved in the KQH solution during the softening treat- 
ment or might have been dropped off when the spikelet has under- 
gone dehydration during the post-maturity stages. All the same, 
those bands of lignified cells on either side of the vascular tissue 
remain unaffected binding the spikelet to the pedicel with their 
‘double knee-shaped bend (Fig. 16). 

The bands of lignified cells constitute 50% of the total number 
of longitudinal rows of cells in the pedicel. Consequently the 
continuity of the spirally thickened vessels between the pedicel 
and the spikelet remains unbroken, effectively protected by those 
bands of cells. 


Oryza sativa var. fakia.—As stated before, though the actual 
shedding in this species may take place in nature when the spike- 
let is ripening {i.e, appearance of a black shade) slightest touch is 
enough to dislodge the grain from the pedicel, even at the stage 
when the kernel is fully formed but still green in colour. In this 
species the abscission layer is formed much earlier than in the non- 
shedding species as will, be explained in the following observations. 

In the early stages [i.e., while the panicles are_ still in sheath) 
the topmost 20 spikelets were dissected and the joints wei'e fixed. 
Longitudinal section were taken from the median as well as the 
upper portions of the joint (Figs. 10, 10 u, 14). 

Here, unlike the case of Oraza sativa the separation layer 
commences from the epidermis (Fig. 9). One or tAvo small cells 
of the above layer appear to have broken the continuity of the epi- 
dermis between the spikelet and pedicel. Further the abscission 
layer in this species consists of two layers of transverse cells (Fig. 
id) The most improtant character which demarks this species 
from the cultivated one is the extension of the separation layer 
throughout the breadth of the pedicel. In the longitudinal section 
it commences from the epidermis and proceeds nip to the central 
vascular tissue on either side (Fig. 13). No protection is offered 
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to tlie central vascular tissue by any bands of iignified cells. At 
the same time the cells around the vascular tissue are not so ligni- 
fied as in the other case and as such they easily undergo changes 
during abscission. Thus but for the vascular tissue the pedicel 
and the spikelet are separated from each other by the abscission 
zone consisting of two layers of cells (Fig. 15). Spikelet s taken 
at the same stage as that of Orijza saiiva have shown much advanced 
stage of the abscission layer than the observed in the non-shedding 
one. The protoplast in the cells of the separation layer has already 
begun to diminish. The cells are slightly elongated and the cell 
walls are well stained. The dissolution of the middle lamella also is 
observed here and there with the consequent separation of the cells. 

Observations made in the second stage have shown that the 
cells in the abscission layer have distinctly separated from one 
another by the dissolution of the middle lamella (Fig. 15). The 
cells are quite apart from each other and most of them are found 
in a state of collapse with a thin layer only around the cell lumina, 
as such it may be stated that as suggested by Lloyd in Jffm- 
hilU Jalapa, that the abscission is caused by the complete digestion 
of a part of the primary and secondary walls. The vessels also 
are broken here and there, particularly at the place where they 
make a bend to the spikelet. It would appear that the spikelet is 
mainly supported by the vessels and the very meagerly Iignified 
fibres around them. 

In tlie next stage the bare pedicel after shedding of the spike- 
let: was taken and longitudinal sections were cut (Fig. 17). Here 
tlie cells in the pedicel are Iignified as those in the pedicel in the 
Ori;za mtiva. Further from the broken ends of the vessels, it 
was observed that these were broken at the same level where the 
abscission layer hitherto was formed. On the entire surface 
of tlie pedicel, ruptiiiXMl cells were observed which happened to be 
the colls of the adjacent layer of the abscission zone. The cells 
also miglit have been probably effected b^^' the activity of the above 
zone. 

Oryza coarotaUi. In this species the abscission zone commences 
from the cin'dermis takes a \ -shaped bend at the centre and passes 
on to the epidermis on the dther side (Fig. 11). The abscission 
zone consists of 3 to 1 layers of transverse cells and these cells are 
bigger tlian tlie cells of the separation layer in the other two species. 
Ihese la^\cis of abscission cells extend about O' 3 mm. towards the 
centre and then make a bend in the vertical plane iipto a depth 
oi; 0-0 mm. ^ In thq. same way from the other side also the layers 
oi the abscission cells come and join together. The vessels are 
broken towards llie tapering end. Finally when the spikelet 
slieds down, a concavity is left in the axis of the pedicel (Fig. 18). 

COKCnUSTOK 

Froin the above observation it may be concluded that the 
shedding in Orym genus is caused by the formation of the abscission 
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layer between tbe pedicel and the spikelet. In tbe tbe above 
genus some of the cultivated paddies do not shed because the ab- 
scission layer is not fully formed. In these, bands of lignified cells 
all around the central vascular tissue are not acted upon the che- 
mical reaction of the abscission cells. Further they protect the 
spirally thickened vessels from mechanical rupture and at the same 
time binding the spikelet to the pedicel with the double knee- 
shaped bend at the joint. Certain amount of mechanical strength 
also is received from the shape of the joint in Oryza satim where 
it is something like a ball and socket joint in nature. The deve- 
lopment of the abscission layer in the case of Oryza fatua and 
Oryza eoarctata is much earlier, than, the incompletely formed 
abscission layer of the non-shedding Oryza saliva. 

All these factors put together contribute to the earlier shedding 
of the grain in Oryza saiiva var. fatna. The partial formation of 
the abscission zone facilitates easy threshing and the bands of the 
lignified cells around the vascular tissue keep the spikelet attached 
to the pedicel till the last, without shedding the grain, in the non- 
shedding types of Oryza saiiva. 

The author expresses his grateful thanks to Prof. P. Parija, 
M.A, (Cantab.), i.e.s., for his constant guidance and help through- 
out the investigation. 
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THE CIRCUMFERENCE-LENGTH RATIO 

A NEW DIAGNOSTIC CHARACTER FOR 
IDENTIFYING BAMBOOS 

By F. G. Dickason, M.A. 
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(Communicated by Prof. P. Parija, I. E. S. B. CoUege, Cuttack) 
Eeceived for publication on October 23, 1941 

Bamboo iaternodes increase in length 'from the base of the culm 
up-wards, reaching maximum length about the middle oi the stem. 
Most descriptions of bamboos mention a maximmn a/nd minimum 
length of internodes but fail to mention whether tMs is a yariation 
in the longest joints of different culms, or the difference between 
the shortest and longest joint of the same culm. The result in 
that figures for internode lengths prove oi little value is 
distinguishing one bamboo from another. 

If length of joint is to have any value as_ a diagnostic^ char- 
acter, measurements must always be made of simfiar joints in the 
same relative position on the culm. For instance it would be 
possible always to measure the fifth internode above the ground 
Ld secure figures of comparative diagnostic value, but this would 
not be satisfactory for several reasons. First, the lower inter- 
nees may be co4red with persistent overlapping sheathes and 
Surrounded with thick lateral branches, making measurement 
difficult. Second, one would have to get do-vm on one s knees to 
measure the fifth joint of such bamboos as ~ 

but would have to climb .a ladder to measure a similar joint ot 
mnocUoa distans C.E.F. or Tamyinwa (Burmese ot southern Burma, 
in which species the internodes may reach a length oi six ieet. 

Again it would be possible to select the longest joint of each 
culm for comparison, but this would entail the cutting of the 
bamboo and considerable checking before the longest joint could 
be definitely located. Whereas this procedure may be satisfac- 
tory for a forest ranger in the jungle, it would not be acceptable 
in a horticultural garden. 

It is proposed, therefore, that the internode at 4 J feet always 
bo chosen for measurement. This internode Jias been selected 
as a matter of convenience : it is easy to reach, it is usually not 
covered by persistent overlapping sheathes, does not reqmre the 
cutting of tL stem, and can be instantly selected without any 
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special measuring apparatus. Moreover many forestry measure- 
ments are made at this height. It is true that this joint at 4^ 
feet may, in some eases, be the thirtieth from the base while in 
others it may be only the third, but if the measurements are taken 
consistently of the internode 4| feet above the ground, the 
resulting figures will have comparative diagnostic value for all 
kinds of bamboo. 

The circumference as well as the length of this joint at 4| 
feet should be recorded. For instance the shoots of Meloeanna 
bamhtisoides Trin. (Bamboo Garden hTo. A 16) two years after 
transplanting have joints at 4| feet which average 4-75 inches 
in circumference and 12 inches in length. These measurements 
may be stated in the form of a fraction, 4-75/12 which equals 
•40, representing the circumference /length or C/L ratio of the 
internode at 4| feet. The 0/L ratio three years after transplant- 
ing is 5-87/13-25 which equals -44. 

The length of the joint at 41 feet of one of the commonest 
cultivated bamboos in the Shan States, Mai pole mon or Mai mon 
(Shan) also averages 12 inches, so that if the length of the inter- 
node alone were used as the diagnostic character, M. bambusoides 
Trin. and Mai pok mow could not be distinguished. But the cir- 
cumference of the latter averages 13 inches so that the resulting 
C/L ratio is 13/12 or 1-08 as contrasted with -40 for M. bambu- 
soides. This ratio has the advantage of representing both circum- 
ference and length in one figure, and of more accurately reflecting 
the proportions of the internode than would be possible with a 
figure representing one dimension only. 

In taking measurements for the C/L ratio, care should be 
exercised to select culms from relatively mature clumps. Ab- 
normally small stems in these clumps should not be measured but 
only those of average or normal size. Even with this care the 
C/L ratio may vary -15 either way from the average due to the 
effect of age, environment, etc., on the growth of the various clumps, 
and to hereditary differences within the species. 

After sufficient data have been obtained, the C/L ratio should 
prove to be of primary importance in keying out bamboos in the 
field ; if it is to be of any use in identifying the specimens in her- 
baria, collectors will have to enter the C/L ratio in their field notes 
or on their field labels. It is not suggested that this ratio will in 
itself prove a positive means of identification of species, but to- 
gether with other vegetative characteristics such as the number 
of veins per quarter inch on the leaves, the typo of rhizome, the 
system of branching, cixlm sheathes, etc., it should prove a valu- 
able vegetative diagnostic characteristic. 

The C/L ratios for a number of species of bamboo are given 
below to illustrate the range of the figures : 


f 
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Vernacular name 

Place 

Scientific name 

C/L Ratio 

Wa min (Burmese) . . 

Eangoon 

Bamhusa wamin Br. 

■ 5>5 ■ 
4 

=■' 

1*4 

Wa bo (Burmese) 

do. 

Dendrocalamus gigan- 

15*75 


1*2 



\ tens Mun. 

13 *2 


Mai kap quai or Mai 

Taunggyi 


12*75 


1*13 

leng (Shan) 


11*3 


Mai pok mon (Shan) . . 

i do. 

i . ■ 

13 

12 

= 

1 *08 

Hti yo wa (Burmese) 

Eangoon 

TlvyrsostcccJiys siamensia 

, 7*5 


•94 



Gam. 

8 


Wa net (Burmese) 

do. 

Bmnhusa vulgaris 

10*07 


*92 


Schrad. 

10*9 


Shwe wa (Burmese) . . 

do. 

Bamhusa vulgaris var. 

9*5 


•90 


striata Riv. 

10*5 


Mai shang (Shan) 

Taunggyi 

Dendrocalamus mem^ 

: 8 


•70 

\ branaceus Mun. 

11*5 


Mai bawng or Mai 

do. 


7*96 


•46 

mawng (Shan) 


! 

17*3 


Tabindaingwa 

Eangoon 

Melocanna bambusoidea 

5*87 


•44 

(Burmese) 

Trin. 

13 *'25 


Tin wa (Burmese) . . 

do.' 

CepJialostaehyum per- 

■■.5*6 ' 


•35 


gr acile Mxm, 

16 *4 


Tabindaing gale 

do. 

Melocanna humilis 

2*75 


‘•17 

(Burmese) 


Kurz. 

10 



Summary 


A new measurement for tlie length of bamboo internodes is 
proposed which is called the Cireumference-Length Eatio. This 
measurement is to be made in all cases of internodes 4c\ feet above 
the ground. This ratio has the value of representing in one 
figure both circumference and length, and of accurately reflecting 
the proportions of the internode. This C/L ratio should prove 
to be a very useful diagnostic characteristic. 
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This account of the Obaropbytes in the Bombay Presidency is in 
continuation of the series of papers published by the author in 
this Journal {1931, 1935, 1940). Here are recorded two more spe- 
cies from the southern parts of the Presidency and additional 
results of further explorations have been appended- The descrip- 
tions of some of the species mentioned in the past papers have 
been completed. 


HITELLA 


1, Nitella acuminata A. Br. — Chrac. Ind. Orient, in Eoolcer's 
Journ. VoL I, p. 292 ; A. Braun and O. Nordstedt, Fragmente 
einer MonograpMe der Gbaraceenj 1882, p. 35, Taf. IV, fig. 88. 


Monoecious. Stem stout, 500-800 fi thick. Branchlets 6, 
once forked *, dactyls unicelled, 3-4, acuminate to a sharp point. 
Primary rays very long. Oogonia mostly solitary, rarely geminate, 
350 ju long (incl. coronula), 332 /x broad. Coronula short, 33 ft 
high, persistent. Convolutions 7. Oospore 250 ft in diameter. 
Antheridium 250 ft in diameter. 


Locality. — ^Pond, Borivali, Bombay, Sept. 1931. 


This species is a variable one. It was first collected by Stockes 
in 1847 from Ooncan, Bombay Presidency, There are two varieties, 
mz., var. Belangeri which is stouter and resembles our specimen and 
var. indica a slender variety from Java, Sub-species V, Boll- 
meriana Br. differs from the present species by its smaller size and 
the acute dactyls. Another sub-species N. glomeruUfera Br, differs 
by its segments of the sterile branchlets being longer. These sub- 
species described by Braun hang on very thin threads as the vege- 
tative characters are hardly sufficient to rank them as sub-species. 
There is no doubt that on revision they will lose the rank. 
N. fieidlis Ag. resembles N. acuminata in iU monodactylous 
character but differs in the smaller size of its gametangia and 
non-acuminate dactyls. 


2. Pal, — B. P. Pal, ^‘Burmese Charophyta,’" 

Jgur7i. Lifm. 8oc. Bot., 49, 1932, p. 70, PL 10 ; Groves, Notes on 
Indian Charophyta,” Joww-, Lin7(.. Soc. BoL, 46, 1924. 
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Dioecious. Female plant. — Plant rather stiff and large. * 

Stem slender 300-330 jtx thick, Branchlets 6, two to three times 

furcate, secondary rays-^6 of which one or two sometimes 

remain simple, tertiary->6, dactyls iisnally 6, equal, cylindrical, 

elongated, 2-celled, lower cell very long, end-cell small, . 

short, acute. Sterile shoots large, long. Fruiting heads small, 

enveloped in mucus. Oogonia on first and second furcations, on 

a distinct stalk cell, 350 ja long (incl. coronula), 280 ft broad; coro- 

nula, 17 ft high, 50 ft broad ; convolutions 7-8 ; oospore 215 ft 

in diameter, spherical. Membrane closely granulate. ; 

Male plants not collected. ( 

Loeality,- — Flowing rivulet, Castle Eock. December 1940. 

Some of the plants collected were found to be sub-monoecious, 
as a few antheridia c. 250 ft in diam. were observed on the female 
fruiting heads. Such a condition is sometimes observed in a dioe- 
cious species Nitella dispersa by Groves and Allen (1927). 

The plant described here resembles the species described by 
Pal (1932) as A. Annandalei and by Groves (1924) No. 4 without 
name but as new species. Although only the female plants were 
found, the dactjds were so characteristic that the plant is unlikely 
to be mistaken for any other. The description given here is that 
of the female plant which so far was not gathered by the earlier 
collectors. This find makes the description of the species complete 
in conjunction with Groves’ and Pal’s descriptions. However, | 

it must be pointed out that our specimens differ from the male 
plant in size and the number of branchlets and rays. In order to : 

make sure, the specimens were sent to Dr. Pal for confirmation. 

He expressed the opinion that he saw no reason for disagreeing 
with me. We are now certain of its taxonomic position among 
Bicellulatae. 

The species appears like N. dualis {N. superba Pal.) 

but differs from it by having six dactyls, the end-cell being short 
and not allantoid but conical and the dactyls being uniformly 2- 
celled. It also resembles N. dispersa Br. and is allied to it but 
N, dispersa has branchlets four times forked, fewer rays, and un- 
equal dactyls. It has “similarities with AT. globulifera Pal but the 
latter is a very small plant. 

3. Nitella batraehosperma Br. — Braun and Nordstedt, cit., 

1882, p. 37, Taf. V, figs. 131-32 ; Groves and Bullock-Webster, 

The British Charophyta, Vol. I, p. 124, PI. XV; Migula, Syn, 

Gharae. Europ,, p. 49, fig. 41, 1898. 

Monoecious. Plants 2 cm. high, forming cushions. Stem slender, 

115-150 f6 thick. Internodes 2-3 times the length of the branchlets 
in the lower half but shorter at the top. Branchlets 6, once or twice ; 

forked ; dactyls long, 2 celled, lower cell long, end-cell short, taper- 
ing, fragile. Barely a branchlet remains simple. Primary rays 

jfi 









Fig. 2. Nitella batrachosperma Br. — la) ] 
dactyls ( Xc.550); (c) Coronula of the oogor 
{XC.312), ^ 

short. Bays 3 at first forking ; dactyls 2 
first mrcation only. Oogoninm 230-400 
sometimes stalk-cell distinctly elongated, 
below the coronula. C ’ 

long, 160-170 /A broad, ridges 6. Membrane yellow-brown, grainni 
ately reticulate. Antheridium 130—150 a in diameter. 


Gametangia at the 
150-300 ju, broad, 
, tipper portion elongated 
Coronula 20-3 OjLt high. Oospore 215-225 jit 
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Locality.— Sthallo-w drain in a railway cutting, Dndli Sagar 
Palls; Sept. 1940. 

The plants grew on fine mud associated with Utrioularia sp. 
and Scytonema sp. There was slight mucus present at the growing 
apices of the plants. 

Our plant approximates Var. minor but differs from the typical 
specimen of the species hy lesser number of branehlets and rays. 
It has resemblances with a synonymous species Nitella confervaeca 
Br. [Migula, Characeen in BabenJicrst Kryptfl. (1897), p. 182.] in 
some branehlets remaining simple, in the number of the branehlets 
and in its oospore. The lesser number of branehlets appears to 
be a constant character in some specimens so far reported 
from this country. Groves (1924) remarks, “ A doubtful plant 
collected by Prof. Agharkar in 1912, in Kathiawar, agrees with 
N. batraeJiosperma in having the branehlets usually only twice 
forked, with gametangia produced at the first forking, but has six 
branehlets in a whorl, and lacks the characteristic broad flanges of 
the oospore ridges.” These remarks hold good for the specimen 
described above. The plants described by Pal (1932) have also 
commonly six branehlets. On the other hand, the specimens collect- 
ed by Allen (1926, 1928) from Gonda and Saharanpur bad typical 
eight branehlets and the oospore ridges had conspicuously broad 
flanges. Migula (1898) mentions this species seldom having 6-7 
branehlets and oospore ridges without characteristic flanges. The 
presence of slight mucus on our plants is also noteworthy as its 
presence is doubted. Our plant further differs by fewer rays and 
dactyls and the oospore membrane tending towards reticulated 
type as Groves and Bullock-Webster have noted in their British 
Vharophyta (p. 125). 

Fitella batrachosperma is one of the smallest species of 
the genus. It is related to A. tenuissima from which it differs by 
its size, by its fruiting at the first forking only, by shorter inter- 
nodes, lesser furcations, in its design of the oospore membrane and 
having a neolc-lihe elongation of its oogonium below the coronula. 

4. Nitella oligospira Br. Braun and Kordstedt, op. oil., 1882, 
p. 67, Taf. V., Pigs. 136-36. Montasber der Berl. Akad., 1868, p. 357, 
Taf. II, Pigs. 60-52. 

Monoecious. Stem 260-620 p thick. Branehlets 6 in a whorl, 
2-3 times furcate. Primary rays | the entire length of the branch- 
let ; secondary rays 4 ; tertiary 2-3, of which some simple ; dactyls 
2-3, unequal, divergent, 2-celled, some much shortened, end-cell 
acuminate. Gametangia borne at first and second furcations. 
Oogonia solitary, 650-670 p. long (inch coronula), 480-600 
broad. Convolutions 8. Coronula 60,/. high. Oospore spherical, 
365 ju, in diameter, ridges 6, membrane reticulated, yellow-brown 
in colour. Antheridium 215 p in diameter. 

iocaZiiiy.— Pond, Borivali— Bombay ; March 1931. 
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The plant is variable in the hranchlet rays. In some specimens 
secondary rays were 5-7 at the first furcation and the tertiary 4. 
The dactyls were quite short in some instances but in other few cases 
they were remarkably long for the species. Earely a proliferous 
shoot was seen growing out from the first furcation of the branehlet. 

_ The author agrees with Groves and Allen (1927) that the 
species is rather ill-defined. It comes near N. flagellifem Groves 
and Allen but it difi’ers in the final node of the branehlet not being 
fertile and having no regular proliferous shoots at the first and 
the second branehlet nodes. The species is also allied to A. patul^ 
Groves and Allen but differs in having abbreviated dactyls and 
the marking of its oospore membrane. According to GroVes and 
Allen A. flagellifera and A. patula may be found reducible to varie- 
tal rank on revision. Xitella dictyosperma H. and J. Groves is another 
allied species to A. oUgospira but differs from it in never having 
the ultimate rays regularly shortened. A. abyssinica Br. and 
A. microgloehin Br. show very minor differences from A. oUgospira 
and are undoubtedly quite related species. 

It rnay be noted that all these species mostly differ from one 
another in the length of the cells of the dactyls and their specific 
characters are none too convincingly distinct. In fact Braun’s 
species require re-grouping and reductions. 

, species are noted for their new and wide localities : — 

1^. A. /Mrmfa Ag., Igatpuri, October 1940. 2. A. d-walis Nordst, Londa: 

December 1940 ; Castle Book, Dixit, September 
1949 ; Shende, December 1940 ; found along with Batrackospermum. 
4. A. hyahna Ag., Watrak River, Mahemdabad. May 1940 ; Small form 
with mucus. 

OHARA 

1 . ^ Chara^ Braunii Gmel. ( = 0. coronata Br.). Charac. 
Incl. Orient, in Hoo¥s Journ,, 1849, p. 295 ; Migula, op, eit., 1898, 
p. 72, Figs. 68-69 ; Groves in Journ. Bot,, XXII, p. 3, t. 242 (1884). 

4 - 1 . • entirely ecorticate. Stem 600-650 u 

thick, lime coated. Stipnlodes in a single circle alternating with 
the hranchlets, long, acuminate. Branchlets 8-10, incurved, of 4-5 
segments each, having a cluster of 2-3 short cells at the tip. Bract 
acuminate. Oogonia solitary or geminate, produ- 
ced at the first or the second node but not at the base, 600-650 /x 
350-380 /X broad. Coronula 115 u higln 
230 /X ^I’oad, spreading. Convolutions 8-9. Oospore 460^ long, 
225 /X broad, black ellipsoidal. Antheridium 250-300 /x in diameter. 

Locality, — Quarry, Wanowri — Poona, April 1932. 

dPserThed as many as uine forms have been 

Xaturahst, XVI, nn 368-369 t 4 
3882) from America. Braun has described VS?. Coromandeiv^a 
m Hookers Joum.Bot., 1849. It differs from G. coraZZ Ja Willd 
C. succincta and 0. maeropogon, by not producing the gametangia 
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at the base of the hranchlets. It resembles G. nuda Pal and 
G. fashanii Dixit but it is distinguished by well-developed stipu- 
lodes and by having a cluster of 2-3 short cells at the tips of the 
hranchlets. 

2. Ghard eontraria Kiitz. — Braun and ISTordstedt, op. cit., 
1882, p. 141 ; Migula, op. cit., 1898, p. 96, Pig. 84-89. Groves and 
Bullock-Webster, op. cit., 1924, Vol. It, pp. 36-40, PL XXXIII ; 
Sluiter in Bof. Zdt., LXVIII, p. 125, t. IV, Figs. 1-5, text-figs. 1-9, 
1910. 

Monoecius. Stem 550-600/1 thick, corticate ; cortex diplo- 
stichous. Spine-cells solitary, inconspicuous Primary cortical 
cells of the stem more prominent than the secondary. Stipulodes 
in two circles, small, irregular, rounded. Branchlets 8, long, spread- 
ing, of seven segments, upper 2-3 segments ecorticate. Bract- 
ceUs 6, long. Oogonium solitary, 650-880/1 (incl. eoronula) long, 
500/1 broad. Coronula 115 /i high, 225 /i broad. Convolutions 
14. Oospore ellipsoidal, black, 650 /i long, 350 /i broad. Anthe- 
ridium 350-400 /i diameter. 

ipca?%.— Canal, Barda Hills— Porbundar, Kathiawar. 

The species resembles G. vulgaris in appearance but it is dis- 
tinguished by its primary cortical cells being more prominent ^od 
large. Oospore membrane of G. vulgaris is tuberculate while that 
of G. eontraria is granulated. 


The following species are noted for their new and ^de lo^hties 
1. C. corallina Willd., Alnavar (Shende), December 1939. 2. C.gymno- 
pitys Bv., Khandala, September 1940 ; omrocky pools with Xscefes coro- 
mandelmsis and Bulhoehetm-, Kolhapur Parandetar), November 1940. 
3. C. zei/lanico Willd., Biver Sabarmati. Ahmedabad; Biver Watrak, 
Mahemdabad ; Biver Saraswati, Sidhpur ; May 1940. 


Summary 

1. Altogether six species of Charophytes are described in 
this paper, of which two are additional records. 

2. Xew and wide localities are noted for other six species. 


i i 
if 

ii 
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REVIEW 

“ The Common Grasses of the United Provinces,” by Dr. N. L. 

Bor, M.A., D.Sc. (Edin.), I.F.8., E.L.S., P.E.L, Forest Botanist, 

Forest Eesearch Institute, Dehra Dun, published by the Manager 
of Publications, Government of India. Delhi, in the Indian 
Forest Eecords (New Series) Botany, Vol. II, Ho. 1, on the 26th 
April, 1941. 

The book embodies an illustrated account of 92 species of the 
commonest grasses of the United Provinces with notes on their 
ecology and economic uses. The text of 222 pages is illustrated 
with numerous fine sketches contained in 64 plates. This work 
has been written, as noted in the foreword, at the request of the 
Forest Department of the United Provinces who wanted to have 
a handbook of the common grasses of the United Provinces in 
order to enable their forest officers to identify and have suflioient 
knowledge about the utility of the common grasses found in the 
forests, Taungyas and plantations of the province. In this book 
an elementary and an advanced keys as well as a section on the 
morphology of the grass family have been provided much to the 
advantage of those with some training in systematic botany and 
non-botanists. Hon-technical as well as scientific descriptions 
of all the genera and the species and the two keys — one for the 
beginner and the other for the more advanced students of botany 
will be helpful not only to the forest officers but also to the non- 
botanists in naming U.P. grasses dealt with in the volume. In 
the introduction the author has discussed in brief the occurrence 
of the different species of grasses rinder different ecological condi- 
tions. The grass-lands of U.P. also received his due attention. 

As an experienced forest officer and field botanist Dr. Bor’s com- 
ments on the problems of rotational and periodical grazing, introduc- 
tion of exotic grasses and nature of different grass-lands in U.P. 
are valuable information, to those interested in the gasses of U.P. 

His hints on the practical study of grasses and dissections of the 
complicated parts of the spikelets of different species of grasses will 
bo very helpful to the forest officers and botanists. The artificial 
but clear-cut dichotomous keys show that they have been pre- 
pared with sufficient care and accuracy. Such keys have rendered 
the work of determination of the grasses of U.P. an easy task. 

The scientific keys for the advanced systematists indicate his capa- 
city for masterly treatment of the difficult family of Gramincne. 

In drawing up the keys and notes on the tribes and the genera the 
author has adhered closely to his previous work on the grasses i 

of Assam published in Vol. 5 of the Flora of Assam, 1940. In the 
appendix 40 species of grasses recorded in Hooker’s Flora of British 
India have been mentioned indicating the recent changes in the 
names. This list will be of some help to the taxonomists in the 





364 


BJEYIEW 



study of grasses of the different parts of India. Dr. Bor has de- 
lineated, as illustrated in the case of the common Sahai grass of 
U.P., the method of finding out the modern specific names corrected 
in the light of the latest International Eules of Botanical nomen- 
clature. The importance of adhering to the International Eules 
of Botanical nomenclature has thus rightly been emphasized. It 
is expected that all systematists and taxonomists in India should 
follow the example set by Dr. Bor in his recent works on the sys- 
tematic botany of India. Index to the local names and the list 
of the improtant literature on agrostology of India are useful addi-' 
tions. 

It may, however, be pointed out that the generic descriptions ■ 
detached from the specific descriptions necessitated the author 
to repeat shorter generic descriptions for the genera having 
more than one species under them. This duplication of generic 
descriptions might have easily been avoided by describing the 
genera along with the species. Such a step would not have taken 
away the mind of the readers from the detailed descriptions of the 
genera under which the species have been described. It would 
have been of considerable value to the Indian systematic botanists 
and taxonomists if such a work would have contained the majority 
of the grass flora of a province like the United Provinces, which 
extends from the plains to the higher levels in the Himalayas and 
includes within it areas of varying climatic conditions where quite 
a largo number of species have been reported to grow. One 
feels also the absence in such a work an index to all the specific 
names mentioned in the book. 

In spite of such negligible failings in the work “The 
Common grasses of tlie United Provinces ” has advanced otir 
knowledge of the grasses of this part of India to a great extent. 
Such a work is a valuable supplement to the grass volume of the 
Flora of British India where both the genera as well as sjtecies of 
grasses require thorough overhauling with reference to our recent 
knowledge reg^ding the habitats and the systematic position of 
the Indian species of grasses and in the light of the important changes 
made in the nomenclature of the grass flora of India. The excel- 
lent illustrations accompanying the book have been executed with 
great care and reproduced faithfully. There are very few typo- 
graphical mistakes and other errors in such an exhaustive work. 
The printing is quile good. Such illustrated works on the common 
grasses of other provinces in India will be welcome additions to 
the Mora I ndica. Dr. Bor’s work has removed a long felt want 
in this direction and fulfils in all respects the purposes for which 
this book has so ably been written. 

K. Biswas. 
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NOTE TO CONTRIBUTORS 



Only papers written or communicated by Members of tbe Indian 
Botanical Society are published in the Journal. 

Attention to the following points wiU greatly assist the Editor and 
ensure early and satisfactory publication 

Manuscripts must be typed with double spacing and on one side of 
the paper only. Authors are particularly requested to revise their manu- 
scripts carefully before submitting them to the Editor. This wiU reduce 
the corrections in the proof . 

In view of the high cost of publication, contributions should be 
as concise as possible and all unnecessary tables and illustrations 
should be avoided. If the contributions are very long, the authors 
may be required to contribute a portion of the cost of publication, 

Names of genera and species should be underlined and will appear in 
italics. The names of the authors of genera and species should always be 
given. 

Original papers must conclude with a summary, drawing attention 
to the main facts and conclusions. References to literature cited 
should, as far as possible, be complete and must be carefully verified. 
A bibliography should be given at the end of the paper arranged 
alphabetically under authors’ names. 

References to literature in the text should be made by quoting 
the author’s name and the year of publication adding the page where 
possible, thus (A. B. 1934, p. 25). When the author’s name occurs as 
a part of the text, only the year and page need be given. No 
references should be given as footnotes. 

Illustrations in Zine.— These should be drawn boldly in Indian ink 
on Bristol board or smooth white card. All necessary shading must be 
done in well-defined dots or lines. Colour, either in line or wash, should 
be avoided. It is important that such illustrations be drawn at least twice 
as large (in linear dimensions) as they are to appear in the reproduction. 
Due allowance for reduction must be made in size of lettering, thickness of 
line, and closeness of shading. Where possible the figures should be grouped 
so as either to fit the page after reduction or to come on part of the printed 
page as text-figures. Authors should number the text-figures consecutively 
and indicate in the text places where they are to appear. 





Wash Dmiving , — For malting half-tone blocks the original drawing 
should be done with brush, and not with pen and ink. For these either 
black or grey colour may be used. Black is better than grey. 

Photographs for hloch-malcing . — Every photographic print from which 
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A NEW SPECIES OF THE GENUS 
RAPHIDIOPSIS FRITSCH AND RICH 
(RAPHIDIOPSIS INDICA SP. NOV.) 
EXHIBITING MORPHOLOGICAL VARIANTS 

By Bama Hagina Singh, M.Sc. 

(Department of Botany, Benares Hindu University) 
(Communicated by Y. Bbaradwaja) 

Received for publication on October 27, 1941 

The genus Baphidiopsis (the species being B. eurvata F. & E.) 
was established by Fritsch and Eich (1929) as a result of the 
determination of a collection of algae made by E. Young from two 
small water-tanks in Newlands, West Africa. Since then another 
species of the genus [B. meditermwea Skuja) has been described by 
Skuja (1937, pp. 23-24, Tafel 1, Fig. 5) from Eastoria Sea, 
District Macedonia, Greece. It is now for the first time that the 
genus is being recorded from India. 

The plant was collected during the course of a study of the 
algal plankton of some ponds and tanks of Benares City, and con- 
siderable interest was aroused by noticing certain variations in its 
body. This organism was a fairly constant constituent of the 
plankton in the Botanical Garden pond of the University and also 
in Durga Kund, an artificial tank, some two miles from the 
University premises, during the summer and winter months. In 
December, 1939, and May and June, 1940, it was observed that 
the alga became most dominant, representing 98-5% of the total 
algal population present in the plankton. During the above- 
mentioned period its growth became so prolific that it formed a 
thick dark-green water-bloom, not different from one produced 
by the species of Euglena. 

The plant consists of isolated trichomes, which are straight 
as well as curved in some cases, wound in a circular form, some- 
times only into a semi-circle and occasionally into a sigmoid curve 
(Fig. I, 1-6). The majority of the trichomes are short and composed 
of about a dozen cells, but occasionally longer _ ones are also 
found. Typically both ends of the trichome terminate in a point 
(Fig. I, 1 and 7) ; but during the course of vegetative reproduction 
these trichomes, especially those that are very long, break in the 
middle to form shorter ones or which one end is rounded and the 
other acuminate (Fig. I, 2). Frequently these trichomes break 
again and this process is repeated, with the result that shorter 
trichomes with both ends rounded as well as one-celled trichomes 
with one end rounded and the other prolonged into a long bristle, 
(Fig. I, 3 and 8 respectively), are produced. In few cases, however, 
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one- celled tricliomes also result by tlie irregular breaking of tbe 
ordinary tricliomes. Tricbomes with both ends rounded have 
been found to curve and take up gradually a sigmoid, semi-circular or 
circular appearance (Pig. I, 4-6), the last one reminding the habit 
of a typical Anaboenopsis but without heterocysts. In cases 
where the trichomes are tapering they generally commence to do so 
only a little distance from the extreme ends, sometimes not until 
the last cell is reached. The sharp end is prolonged to a variable 
length, and may sometimes be curved a little to one side. 

The cells are constricted at the septa and usually densely filled 
with pseudo vacuoles of irregular shape. Occasional threads without 
the pseudovacuoles are also met with. When the pseudovacuoles 
are present, the septa are generally indistinct, but they become 
clear after staining with iodine. They measure 1 -8-2 *6 /x in breadth 
and are six to eight times as long as broad. 

The spores are formed by the unequal division of the apical 
cell (Pig. I, 9“11), the daughter cell away from the apex being 
smaller than the other. The smaller cell gradually transforms itself 
into a spore by the usual method described by Pritsch (1904) 
in Anabcena Azollw Strasb. and by Bh§;radwaja (1933) in Cylindro- 
sperrrhum muscicola var. JcasJimirensis, The spores have never been 
found to be produced in the middle of a trichome as in BapMdi- 
opsis curvata and B* mediterranean They are formed singly (Pig. I, 
9-11), in contrast to the paired ones in these two species of the 
genus. The mature spores are ellipsoidal with rounded ends (Pig. I, 
11 and 12), being 3.3-4/x broad and 7-8~9-2/x long. Bach spore 
has two walls, the outer one being very thick, smooth and brown, 
and the inner thin and transparent. The spores contain a few 
very conspicuous granules of large size (Pig. I, 9-11). 

The Benares alga, therefore, differs from the African form, 
BapMdiopsis eurrata^ in the trichomes being narrower and usually 
straight with constrictions at the septa, and in the spores being 
smaller, subterminal, always single, and ^ellipsoidal. It contrasts 
with Bn mediterranea in the presence of constricted septa and 
pseudo vacuoles, and in its single spores being slightly smaller, 
subterminal, and ellipsoidal. The present alga may therefore be 
considered a new species of the genus BapMdiopsis Pritsch and 
Eich, to be named as BapMdiopsis indica Bp , nov. 

Apart from its being a new species of a little-known alga, the 
chief point of interest lies in the fact that during the course of its 
life-cycle the alga passes through four different forms :—(l) straight 
trichomes with both ends tapering (Pig. I, 1 and 7), (2)^ straight 
trichomes with one end tapering and the other rounded (Pig* I? 2), 

(3) straight trichomes with both ends rounded (Pig. I, 3), and 

(4) curved trichomes with rounded ends (Pig- I, 4-6). These forms 
that are respectively termed as variants I, II, III and IV, have 
been found to be seasonal in distribution. This aspect of the form- 
variation of the alga was studied during the year 1939-40. Plankton 
samples were collected from the surface water of the Botanical 
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Garden pond and Burga Kund at fortniglitly intervals. Each 
sample was examined systematically and eacli of the first hundred 
specimens of Bapliidiopsis indiea was allocated to its class, variants 
I, II, III and IV. In a few cases, on account of their rarity, it 
was not practicable to count more than fifty individuals, and for 
this same reason it was not possible to obtain counts from 
February to April 1940. The results as obtained are shown graphic- 
ally in the following figure (Fig. II). 



Fig. II. Graphs showing the percentage of each variant plotted against 
time. Each point gives the value for a particular variant as a percentage 
sample individuals of Itaphidiopsis indiea present in the 


It may be seen from Fig. II that in the beginning of the winter 
of 1939-40, the variant I was clearly dominant ; this was also the 
case m the middle of the rainy season. The number of the variant 
I, Imwever, fell rapidly at the end of January and again at the 
rainy season of 1940. The proportion of the vari- 
ant II, however, increased at the end of January 1940, Several 
cases were found where variant I was breaking up to form variant 
to variant III, which became dominant in 
June 1940. TiMTise in the number of the variant III was closely 
followed by a tall in ^the number of the variant 11 and a parallel 
me in the number or the variant IV. The latter behaviour mav 

jLf at this time of the 

niore by the irregular breaking of the variant I 

SoLf oHhe varfaTm.^ fragments than by the 
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Tlie above account clearly sliows that the different variants 
of BapMdiopsis mdiea sp. nov. are morphologically similar and 
are not in any way genetically distinct, as one variant may arise 
from the other. That being so, one may ascribe such changes to 
be due to the changes in external conditions. Variant I looks like 
a form of Anaboenopsis BaciborsJcii Wolosz. that the writer had 
observed till the time it had not produced any heterocysts (author's 
unpublished data). It is, therefore, probable that one may mistake 
variant I of BapMdiopsis indiea for Anaboenopsis Baciborslcii till 
the time the latter has not developed any heterocysts especially 
when both the plants occur together (c/. Skuja, 1937). The same 
may be true of variants II and III that resemble very closely 
certain developmental stages of Anaboenopsis Baeiborskii* The 
variant IV of the present alga resembles with a typical Anabce- 
nopsiS’like form without heterocysts. Since the distribution of these 
different variants is seasonal, there is every possibility of their 
being taken as different plants by different workers during different 
seasons. The present investigation, therefore, affords a caution 
in the matter of systematic study of these lower plants and empha- 
sises the importance of first examining their morphological behavi- 
our in different seasons before taking them as new forms. Seasonal 
variants and habitat forms are likely to mislead those who work 
on purely pickled materials. 

SUMMAIIY 

A new species of the genus BapMdiopsis {BapMdiopsis indiea 
sp. nov.) has been described. 

The seasonal variation in the alga has been studied and it has 
been observed that there are four variants of the plant, the distri- 
bution of which varies with different seasons of the year. These 
variants have been found to be morphologically similar since one 
form can give rise to another. 

In conclusion, I have much pleasure in expressing my great 
indebtedness to Professor Y. Bharadwaja, for his kind guidance 
and criticism throughout the course of this investigation. 
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